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EDITOR’S PREFACE 


This issue of the Yale Psychological Studies comprises two 
investigations made by candidates for the degree of Doctor of 
Philosophy under the direction of Charles H. Judd, former Di- 
rector of the Yale Psychological Laboratory, now Director of the 
School of Education, University of Chicago. The present editor 


is responsible, however, for the editing of the manuscripts in 
preparation for the press. 
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EXPERIMENTAL ANALYSIS OF THE WRITING 
MOVEMENT?! 


FRANK NUGENT FREEMAN, PH.D. 


Assistant Professor of Educational Psychology, 
University of Chicago. 


The experiment here reported consisted in an analysis of the handwrit- 
ing movement of adults and of children by measurements of the size, 
speed and pressure of writing. By an interpretation of the results some 
of the psychological factors in the writing process and in its develop- 
ment have been determined. Writing is characterized by a decided 
riuythm which is more pronounced in the developed than in the unde- 
veloped movement. In this as well as in other ways the movements by 
which the successive parts of a complex letter or series of letters are 
produced are united in such a way as to indicate that writing psycho- 
logically is not a succession of separate acts, but is an organized process 
in which individual elements have their place in the larger units of 
letters, words or groups of words. The component elements in the 
process come to be treated not as individual strokes or movements but 
rather as stages in the progress of the organized whole. The writing 
of children stands, however, in contrast to more developed writing in 
that it is less rhythmical, less organized and less automatized. That the 
child gives more continuous attention to the details of the writing move- 
ment is inferred from the fact that the movement is more uniform in 
speed throughout the different parts of the letter. 


I. THE PROBLEM 


The writing movement may be analyzed in two ways. In 
the first place the number of component movements—finger, 
hand, arm, etc.—may be determined and their nature investigated 
as in the experiments of Judd (11) and Obici (17) ; and in the 
second place the characteristics of the total resultant movement 
may be investigated. The present report deals with an investi- 
gation of the second type. The characteristics of the writing 
movement which are here studied are the speed, pressure and size 
of writing, and their relations to each other. Taken together 


*A condensation of a thesis submitted in partial fulfilment of the 
requirements for the degree of Doctor of Philosophy in Yale University, 


in May, 1908. 
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2 FRANK NUGENT FREEMAN 


} they furnish a good objective characterization of the writing 
movement. Such a study was made in order to determine the 
tt stages and course of development of the writing movement. A 
characterization of writing has often been sought in terms of the 
| external form. The latest use of external form as a basis for 
ay a} study has been made by Thorndike (19) and Ayers (3) in their 
at construction of scales for the measurement of the excellence of 
RY handwriting.2 The present investigation, however, aimed to 
By | determine the differences in writing at different stages of its 
Be development in terms of the motor coordination by which it is 

produced. In this report a method for such a study i is described 

and some comparative results of its application to the writing of 
a adults and of children are given in order, as just stated, to ascer- 
| tain the course of development of the movement. The application 
ree of the method to the study of the development of the writing 
iy movement is by no means complete and the writer plans to 


continue this study, and to present further results in the near 
future. 


Il. HISTORICAL SKETCH 


A report of the experiments nay be prefaced by a brief dis- 
cussion of previous investigations in the experimental analysis 
of the writing movement by methods of the same type as the one 

/ here used. The discussion may be divided into two parts, con- 
( cerning first, the investigation of the speed of writing, and 
second, of the pressure and speed together. 

A study of the speed of finger and hand movements of dif- 
: ferent degrees of complexity, including the writing movement, 
was made by Jack (10). The movements had three de- 
grees of complexity: first, simple flexion and extension of a 
single finger; second, a straight movement with the pen involving 
several fingers; third, an ordinary writing movement. The dis- 
tinction between the second and third types is not altogether 
clear except, perhaps, that the latter included curves as well as 
straight lines. The method was to require the subject to trace 
the lines on a piece of smoked glass carried on one prong of a 


*The writer has also prepared for publication in the near future a scale 


| i be included in The Teaching of Handwriting, Houghton Mifflin Co., 
ston. 
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vibrating tuning fork. The problem was to discover the modi- 
fications in the different types of movement with differences in 
age, education and manual skill. The result in general was that 
old age, lack of education or of manual skill, as well as certain 
pathological conditions, affected unfavorably the complex move- 
ments to a far greater extent than the simpler ones. The simple 
flexion and extension movements were made with practically the 
same rapidity by all classes of subjects and also with the right 
and left hands. 

The speed of writing movements was more extensively studied 
by Binet and Courtier (4). These authors used the Edison 
pen. This is an apparatus by means of which a needle is driven 
downward by a rotating eccentric at a rate of 1,000 strokes 
per minute. Thus when one writes with the Edison pen a dotted 


were large and when they were accustomed movements than in i 
the contrary cases. The direction in which the most rapid move- a 
ments were made was the diagonal from lower left to upper 1p 
right. The middle of the stroke was more rapid than the begin- et 
ning and the end, connected writing was faster than disconnected, 
and intentional increase in speed corresponded to a decrease in 
size. A change in direction was accomplished by a reduction in 
speed, the amount of reduction being proportional to the angular 
change in direction. The more conditions which had to be satis- Bh 
fied by the movement, the slower it was. There was in gen- 
eral found to be a uniformity in speed variations in similar 
movements. 

The relative speed of a writing movement in different direc- 
tions was studied incidentally in connection with a general 
investigation of voluntary movement by Woodworth (21). He 
found that the most rapid movement was a side to side forearm 


movement and that the vertical finger movement was much 
slower. 


line is traced, and the distance between the dotes indicates the f d 
speed of the movement. There are two defects in this method. ai 
In the first place the pen weighs about a quarter of a pound and ty 4 
the conditions are therefore not normal. In the second place, yy 
there is no record of the time of pauses. The results were as 4B 
follows. The speed was greater when the writing movements nil 
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The relative speed of finger, wrist and arm movements in dif- 
ferent directions was investigated by McAllister (12). He used 
two methods. In the first the movements of the finger were re- 
corded by the breaking of an electric circuit at the beginning and 
the end of the movement. The subject moved with his fingers 
the upper end of a vertical rod pivoted in the middle, the lower 


end of which ‘released the contact. By the second method the 


speed of the movement was recorded by an electric spark pro- 
duced by an induction coil, which passed from the pen to a metal 
sheet underneath the paper. The paper was covered with a coat 
of lampblack and the sparks were recorded as dots on the line 
of the writing. The defects of this method are first, that the 
possibility of a shock introduces a distraction; and second, that 
the time of pauses, as in Binet and Courtier’s experiment, could 
not be recorded. McAllister found that movements in the direc- 
tion from lower left to upper right and the reverse direction 
were the fastest, and that the arm movement was somewhat faster 
than the finger-wrist movement. He also found that the direc- 
tion of a movement was unintentionally diverted in the direction 
of the greatest ease. 

A piece of apparatus based on the same principle and called 
a graphometer was constructed by MacMillan (13). This 
consisted essentially of a small disc containing a groove along one 
of the radii and pivoted in the center so that the groove could be 
set in any direction. At each end of the groove were contacts 
and an electric circuit was made when the stylus touched either of 
these contacts. MacMillan, like Woodworth, found that the 
most rapid movements were made by a side to side arm and 
wrist motion. 

The pressure of writing was first analyzed by Goldscheider 
(8). The method was to record the pressure by means of a 
tambour upon which the writing surface was supported. Gold- 
scheider found that there is a characteristic form of pressure 
curve for the different letters and strokes and concluded that the 
sensations of pressure form an important means to the recogni- 
tion and control of the writing movement. 

Gross (9) analyzed the writing movement as a means to 
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clinical diagnosis. For comparison he studied a number of nor- 
mal individuals. The apparatus used was Kraepelin’s writing 
balance (Schriftwage). This consists essentially of a small 
table resting on the short arm of a lever, the other end of which 
records upon a kymograph. By adding a time line on the drum 
the total speed and average speed per letter may be measured. 
Gross confirmed Goldscheider’s result that the pressure curves 
from a given individual for a given letter were uniform and that 
the corresponding pressure curves from different individuals 
presented great similarity. The pressure in general was higher 
on the down stroke than on the up stroke. Exceptions occurred, 
however, at the beginning and end of a letter or group of letters. 
The pressure showed a more abrupt release at the end than was 
the on-set at the beginning. There was a gradual increase dur- 
ing the course of writing of a series of letters or figures. The 
speed and size of characters had an intimate relation and tended 
to vary together. In other words, the total time of a character 
tended to remain constant and the writing manifested a rhyth- 
mical character. In the course of the writing the speed, pres- 
sure and size increased together. This was attributed to an in- 
creasing nervous excitation (Anregung). The same fact appeared 
at the beginning of writing and was attributed to the initial im- 
pulse (Antrieb). The author found greater variation in the length 
of the pauses between the strokes than in the duration of the 
letters themselves. He confirmed the result found by Jack, that 
there is greater difference between individuals in the complex 
than in the simpler strokes and that in pathological cases the 
differences due to education and skill tend to disappear. 

The same method and apparatus was used by Diehl (5), who 
carried on his investigation for the purpose of testing and com- 
pleting Gross’s determination of the normal type. Diehl found 
in general a similar relation between the three elements, speed, 
pressure and size, as was found by Gross. An increase in the 
general nervous excitation or activity (Anregung) produced an 
increase in the speed, pressure and size. An increase in the men- 
tal difficulty attending writing, such as writing characters in the 
reverse order, produced a decrease in the speed and size and an 
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6 FRANK NUGENT FREEMAN 


increase in pressure. Voluntary increase in speed produced a 
decrease in size and an increase in pressure. The changes in the 
last two instances are the same except for speed, which in the 
latter case is subject to voluntary control. An analysis of the 
two cases shows that an increase in effort produces a decrease in 
size and an increase in pressure. 

This effect of effort upon writing has been determined inci- 
dentally in connection with other investigations. Urbantschitsch 
(20) found that stimulation by a high musical tone produced a 
crowding of the letters together and a decrease in size, accom- 
panied by a feeling of constraint and inhibition, while a low tone 
produced the opposite effect. Meyer (16) found that an in- 
creased effort of attention produced a decrease in the size of 
writing and concluded that this was a special instance of a gen- 
eral increase in muscular tension which accompanies an effort of 
attention. Downey (6) reports an increase in pressure accom- 


panying an increase in the difficulty of the attendant mental oper- 


ation. The changes in writing with practice and facility consist, 
on the other hand, according to Diehl, in an increase in speed and 
a decrease in pressure and size. The author does not attempt to 
interpret these changes. 

A similar investigation was carried on by Mayer (14). 
Mayer confirmed in general the results of the above-mentioned 
investigators and in particular the conclusions in regard to the 
relationship between speed, pressure and size. He attempts to 
explain the effect of practice upon these elements. He concludes 
that in the case of practice there is present a high dgree of effort 
and that this effort is directed toward a production of relatively 
high speed. In the case of unskilled writers this effort does not 
produce a decrease in size because they are unable to make the 
required forms in a small compass. With increasing skill this de- 
crease is brought about. This explanation, however, does not 
take account of the fact, which is well established, that an in- 
crease in effort produces an increase in pressure. A more 
probable explanation would seem to be that with an increase in 
practice the acquirement of speed is attained with less and less 
effort. With increasing skill this is accomplished by economizing 
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ANALYSIS OF THE WRITING MOVEMENT 7 


on size. In other words, a decrease in size may be due to other 
factors than increased effort. The decrease in pressure is ex- 
plained by the greater ease consequent on practice. 

The rhythm of writing was studied by Margaret K. Smith 
(18) and Awramoff (2). Miss Smith used no special appara- 
tus, but Awramoff used one which recorded the pressure by a 
combination of the registering devices of Goldscheider and 
Kraepelin, and the speed by a system of contact lines. The 
pencil in passing over these contact lines successively made and 
broke an electric circuit. Speed determination by such means 
is not accurate however, since the number of contacts per unit 
of length varies greatly with the angle at which the stroke crosses 
the contact lines. 

Both authors found writing to be characterized by decided 
rhythm. This rhythm, however, is the result of development 
and is characteristic to a very limited extent of the writing of 
children. Awramoff describes the difference by saying that 
adults write a letter or series of strokes with a total unitary 
innervation (Gesammtinnervation), while children write with a 
separate impulse for each stroke. In terms of pressure the 
writing of children showed an individual pressure curve for each 
stroke, while in the case of adults the pressure throughout a letter 
or word had a single point of culmination to which it rose and 
from which it fell. 

The effect of an imposed rhythm upon writing was found 
to be an increase in the quantity, usually accompanied by a de- 
crease in the quality, of the writing. That is, each writer has 
his natural speed at which he can write best. He may learn, 
however, to modify the natural rhythm to a certain degree. The 
effect of a well chosen imposed rhythm upon children’s writing 
was to organize it and render it more like the writing of adults. 


Ill. APPARATUS AND METHOD 


The apparatus and method utilized in this experiment were the 
same as those used by the author in a preliminary experiment on 
writing reactions, already reported in these studies (7). The 
apparatus was designed to measure the speed and the pressure 
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8 FRANK NUGENT FREEMAN 


of writing or of a graphic movement. The speed was measured 
by a method based on the kymograph principle. That is, under 
the sheet of paper on which the reactor wrote there traveled a 
strip of paper and the record of the writing was taken on this 
strip through a carbon paper or, in the present experiment, a 
typewriter ribbon. In order to determine the speed of the strip, 
an electric marker was made to write tenths of a second on it. 
By this means the speed of the whole or any part of a letter might 
be accurately measured, and the duration of pauses in the 
movement determined. 

In order to determine the details of the speed variations of 
writing, each letter written by the subject was divided into parts 
I mm. in length. This was done by means of a pair of sharply 
pointed dividers. The method is not strictly accurate but if 
applied with care will give results sufficiently exact for the 
present purpose, and the probable error of measurement was not 
great enough to render uncertain the conclusions which were 
drawn. This division of a letter gave also a basis for the 
measurement of size. This element of writing was not, how- 
ever, treated independently, but only in its relation to the other 
elements of speed and pressure. 

The pressure was recorded by a combination of the apparatus 
of Goldscheider and Kraepelin. That is, the writing was done 
over a small table which rested on the short arm of a lever. The 
movement of the longer arm was transmitted by means of a 
tambour and was recorded on‘a long strip of smoked paper which 
ran with approximately the same speed as that of the speed strip. 
Upon this pressure strip there was also a time marker indicating 
the same intervals as that on the speed strip. The advantage of 
this arrangement in comparison with those of previous investi- | 
gators is that the pressure record may be accurately correlated 
with the speed record and thereby with the letter itself. Without 
this correlation it is a matter of guess work to determine what 
part of a letter corresponds to any particular part of a pressure 
curve. 

An unimportant change in the author’s previous method of 
driving the apparatus was introduced. This consisted in connect- 
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ing the driving shaft with the shaft of the machine shop below 
the experimenting room. This had the advantage of giving a more 
uniform motion than that which was obtained by the electric 
motor used in the previous experiment. This regularity of mo- 
tion made it unnecessary to be particular that the writing move- 
ment was directly under the time marker. 

The details of the method of measuring the speed records is as 
follows. The primary record, that is, the paper on which the 
reactor wrote, is placed over the strip on which the speed record 
was taken in the same relation in which they were when the 
writing was done. The records then appear as shown in Figure I. 


Figure I. 
The primary sheet showing the letter as written is indicated 
by the letter A, the speed strip by the letter B, the time line by 
CD, one unit of which is represented by the distance EF. The first 
millimeter length of the letter to be measured is represented by 
the distance between the points I and 2. The points on the time 
line which correspond to these two points are found by drawing 
horizontal lines from 1 and 2 respectively until they cross the 
speed curve. The line from point 1 should, of course, meet the 
beginning of the speed curve. If we now measure the horizontal 
distance between the points 1’ and 2’ we have a distance through 
which the strip travels during the writing of the first millimeter 
section of the letter. This, however, is subject to a correction 
due to the fact that the pencil altered its horizontal position dur- 
ing the writing of the section in question. Since the direction 
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10 FRANK NUGENT FREEMAN 


of movement of the pencil was the same as that of the strip, the 
amount of horizontal pencil movement must be added to the hori- 
zontal distance on the strip in order to obtain the actual distance 
through which the strip traveled. We now must divide this 
distance by the distance which represents 1/10 of a second in 
order to turn it into time units. 

Since these operations require great accuracy of measurement, 
a piece of special apparatus was constructed for the purpose. 
This apparatus is shown in Figure 2. It consists essentially of a 
vertical and horizontal scale which can be applied to the records. 
The vertical scale consists of a sliding glass plate moved by a 
micrometer screw by means of which one may read to 1/50 of a 
millimeter. This plate, E, is fastened to the metal piece, I, which 
slides in a tightly fitting groove, J, in the carriage, D. The 
millimeter distances may be read on the edge of the piece, I, and 
the fractions of a millimeter on the screw. The horizontal dis- 
tances are measured by sliding the glass plate with its carriage, 
D, along the horizontal scale, A. The latter is divided into 
half millimeter lengths, and by means of a vernier scale, F, 
divided into twenty-fifths of a centimeter, it can be adjusted to 
tenths of a millimeter. In order to facilitate the finer adjust- 
ment there is a supplementary carriage, G, which may be clamped 
to the scale. The larger carriage, D, may then be adjusted by 


means of the screw, H. A magnifying glass set over the scale 


makes the reading easier. 

The primary sheet is held in place by four flat discs which can 
be raised from the surface of the board, in order to insert the 
paper, and lowered again by turning the handles, K. These 
operate two rods upon which are eccentric cams. The cams 
raise the discs which are drawn down again by springs. The 
glass plate slides easily over these discs. The strip containing 


- the speed records is adjusted by means of the rod, C, and a 


similar one at the other end of the board. 

The method of operation is as follows. The glass plate is 
placed above the letter upon the primary sheet. The horizontal 
and vertical position of the first point on the letter is then deter- 
mined by reading the horizontal and vertical scales respectively. 
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12 FRANK NUGENT FREEMAN 


The same is then done for each of the succeeding points of a 
letter. By means now of the vertical measurements, the points 
My ile on the speed curve which correspond to the points on the letter 

i ' may be found. By means of the horizontal readings the correc- 
tions for the movement of the pencil out of the vertical line may 
be determined. Thus, after the letter itself has been gone over, 

| the plate is set at the first vertical reading and the point found 
L) a on the speed curve which is on the same horizontal line with this. 
Eee This, of course, is the beginning of the curve. The horizontal 
reading of this point is then taken. The plate is then set at the 
second vertical reading and the corresponding point found on 
the speed curve. The horizontal reading of this point is taken 
and so on for the rest of the curve. Each successive horizontal 
reading is subtracted from the one following it, and the differ- 
ences corrected by the amount of horizontal displacement found 
i in measuring the letter. The length of a-unit of time line is 
iM then measured and the horizontal differences of the speed curve 


divided by this unit. The typical series of measurements is 
Ws shown in Table I. | 


TABLE I 


Illustration of the readings and operations involved in measuring the speed of the 
first two divisions of a letter 


= 
~) 
' mm, mm, mm mm mm mm, 
I 15.25 9.4 41.36 
2 14.45 9.38 —.05 43.42 2.06 2.11 
3 14.00 9.36 —.02 44.03 61 .63 
Dist. per Time per 
1/10 sec. mm, in sigmas 
I 5 
2 3.80 56 
3 3.80 17 


In order to present the results of these measurements graphi- 
cally a curve is drawn, the base of which represents the succes- 
sive millimeter distances of the letter and the altitude the 
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corresponding times in thousandths of a second. Such a curve 
(of the letter “o”) is shown in Figure 3. The interpretation of 
this curve indicates that the reactor took considerable time 
(105 «) to get started and to traverse the first section of the let- 
ter. The pencil then moved at an average rate of I mm. in 17 ¢ 


Figure 3—Speed curve of letter “O.” 


until it came to the curve at the base of the letter. The section 
at this point took 530—three times as long as the average milli- 
meter on the down stroke. The up stroke was still faster than 
the down stroke. The turning point at the top of the stroke was 
slow however, occupying 124 ¢. The last outward stroke was 
rapid. This was the typical record of the speed changes of the 
movement during the writing of a letter. 

The pressure curve from the letter “o” by the same reactor 
is shown in Figure 8, in the appendix. The pressure curves are 
to be read from right to left. This curve can be cor- 
related with the speed curve by reversing the process used in 
measuring a letter. In that case we found the time represented 
by a given distance on the strip by dividing this distance by the 
distance for one tenth of one second. Now in order to find the 
distance on the pressure record which corresponds to the time of 
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a given section of the letter, the distance for one tenth of one 
second on the pressure record is multiplied by the fraction of a 
second which represents this time. We may thus determine 
the points on the pressure curve which correspond to the suc- 
cessive points of the written letter. In this way, in the present 
instance, the position on the pressure curve of three points was 
determined. These are the end of the first millimeter distance, 
the bottom turn of a letter and the top of the upstroke, corre- 
sponding to divisions 1, 6 and 11 of the letter. 

From an inspection of the pressure curve it will be seen that 
the pressure increased during the first millimeter to almost its 
maximum amount. Upon the down stroke the pressure decreased. 
It increased again at the beginning of the upstroke but fell to 
the minimum about the middle of this stroke. It then steadily in- 
creased while the readjustment at the top of the stroke and the 
final outward stroke were being made, reaching its maximum 
on the latter. The drop at the end is abrupt. 

The methods here used for analyzing writing movements may 
be briefly compared with those which have been previously used. 
The only other methods known to the writer by which a speed 
analysis of the writing movement may be made are those of 
the Edison pen used by Binet and Courtier (4), the spark method 
described by McAllister (12), and writing over contact lines 
described by Diehl (5) and Meumann (15). The present method 
possesses the advantages in comparison with that of Binet and 
Courtier, first, that the conditions are more normal (since the 
Edison pen weighs a quarter of a pound and contains machinery 
in rapid vibration) ; second, that it permits the measurement of 
the duration of a pause; and third, that it permits a more exact 
measurement of the more rapid parts of a letter. The advantages 
over the spark method are similar to those over the Edison pen 
with perhaps even greater emphasis on the first point. The defect 
of the system of contact lines is that the units of distance which 
are measured by it are not uniform. This criticism was made 
above. 

The only method of analyzing the pressure curve with which 
the present method may be compared is that of Diehl and of 
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Meumann. The other methods of recording pressure, for ex- 
ample those of Goldscheider (8) and Kraepelin, furnish no means 
of determining the correspondence between the pressure and the 
parts of the letter. The correlation between the pressure curve 
and the written letter is in any case only as exact as the speed 
analysis of the letter. Since the latter, in the method of Diehl 
(5) and Meumann (5 and 15), is inaccurate the correlation of 
the pressure curve with the written letter is correspondingly 
inaccurate. 

The reactors in the experiment consisted of four adults and 
ten children. Of the adults, three were graduate students, 
T. T. G., R. D. W., and F. N. F., and the fourth a college senior, 
D. H. Of the children, five were boys and five girls. The ages 
ranged from 9g to 15. C. K., 14 years, was in the second year in 
high school. H. H., 13 years, was in the first year in high school. 
M. G., 13 years, and G. B. 15 years, were in the eighth grade. 
O. B., 14 years, and E. C., 12 years, were in the sixth grade. 
C. N., 11 years, and A. S., 11 years, were in the low sixth. E. H., 
10 years, was in the fourth, and M. H.., 9 years, in the third grade. 
C. H. H., O C. N., and A. S. were boys and 
M. G., G. B., E. C., E. H., and M. H. were girls. For the oppor- 
‘tunity of working with the children the writer is indebted to 
Mr. Harry Houston, Supervisor of Penmanship in the New 
Haven Schools, who arranged to have the children come to the 
laboratory and was present himself at several of the experi- 
mental periods. 

There were first measured two and in some cases three speci- 
mens of each letter of the alphabet of the writing of a single 
reactor, F. N. F. This was done in order to determine the 
differences and relationships between the different letters of the 
alphabet and thus to avoid generalizations which might rest on 
a study of part; of the letters. Means was thus furnished also 
of choosing letters for use with the other subjects which might 
represent different typical facts in regard to their writing. From 
each of the remaining subjects then, records of the writing of 
three or four letters were obtained. In the case of adults there 
was some variation in the particular letters used, but with the 
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children the same were used for all, namely, the letters “a,” “r,” 
“f” and “th.” The word “American” was chosen to test the 
letters a and r written in combination and each reactor also wrote 
his own name. Mr. T. T. Giffin made a short investigation of the 
letters ‘“‘a,” “b,”’ and “c” in his own writing in connection with 
the course in experimental psychology at Yale. The writer 
wishes to thank him for the use of the results of this study. 

This may appear to be a small number of letters to measure, 
but the time required in the measurement of the records was so 
great that it was not practicable to use a larger number. It was 
therefore thought preferable to make an intensive and exact 
study of a few letters than an inexact study of a larger number. 
The writer plans to simplify the method of procedure without 
sacrificing accuracy and to extend the study over a wider range. 

Besides writing in the ordinary manner it was planned that 
each reactor should write under varied conditions. These con- 
ditions consisted in writing much larger than usual and writing 
between two horizontal lines, in order to test the effect on the 
writing of differences in size and of the addition of certain ex- 
ternal limiting conditions. It was also planned to study the rela- 
tions between letters written separately and in combination in 
a word, but this purpose was only to a limited extent carried 
out. Reactor R. D. W. gave a complete series with the letters 
“r,” “e,” and “m” and D. H. a complete series with the letters 
“a,” “e,” and “n.” Reactor T. T. G. wrote the letters “a,” “‘b,” 
and “c,”’ but only in his natural writing, that is, without varia- 
tions. F. N. F. gave a complete series except that he did not 
write between lines. The letters which were written large were 
“b,” “r,” “f,” and “h,” and the letters in combination (in his 
given name) were “r,” “a,” “n,” and “k.”’ | 

An effort was made to have all of the subjects write in as 
natural a manner as possible. This was probably successful in 
the case of adults and of some of the children. The chief ten- 
dency which had to be combated with the latter was one toward 
slow, painstaking writing, such as one would put in a copy book. 
Such writing would furnish a profitable subject of study but 
would be unfavorable to the type of comparison made in the 
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present experiment. Reactors M. G., G. B., O. D., and E. C. 
seemed to the experimenter to write in this unnatural manner and 
the records of the speed of their writings was not measured in 


detail, only the total speed and the average speed per millimeter 
being taken. 


IV. RESULTS AND DISCUSSION 


The discussion of results will be divided into three main parts, 
taking up first, the average speed per millimeter of the various 
letters ; second, the characteristic changes in speed in the different 
parts of the letter, which may for convenience be spoken of as 
the speed curve; and third, the pressure and the pressure curve. 
The writing of children and adults will be compared on the basis 
of this analysis. Under these heads also will be made a com- 
parison of the different letters with one another, of letters written 
larger than usual and of those written between limiting lines. 

We will first take up the consideration of the average speed 
of letters written under different conditions and by different 
adult subjects. We are dealing with the average speed per milli- 
meter and not with the speed curve. The first result deals with 
the relation between the size and the average speed of different 
letters of the alphabet in the writing of F. N. F. The size is 
measured by taking the length of the line which the pencil traced 
in making the letter. A comparison was made by putting the 
letters in two lists, the first being arranged in the order of size 
and the second in the order of speed. These lists are given in 
Table II. 

It will be seen that, in general, the order of the letters in the 
two columns is the same. That is, the larger letters are also 
the more rapid. The degree of correspondence may be worked 
out by the “r’’ method of correlation, according to which the de- 
gree of correlation is expressed by differences in the gradation 
from zero to one. The correlation in the present instance is 
found to be .83, which indicates a close relationship between 
' speed and size of the letters. Some deviation from exact corre- 
spondence exists, it is true, but this may be at least partly ex- 
plained by the differences in the complication of the letter and the 
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TABLE II 
| ‘i A comparison of the order of the letters on the basis of size and of speed 
if Letters in the order of Letters in the order 
¥ their average Speed of their size 
Reactor F. N. F, Reactor F. N. F. 
Time in sigmas per mm, mm, 
3 
ss 22 t 29 
t 23 y 26 
i 24 z 26 
‘| e 27 w 21 
x 33 a 15 
n 35 i 14 
J consequent difficulty in making it. For example, the “k,” which 
aa is the largest letter, is especially slow at the last turn and this 
ok puts it lower in the speed column. Again, “j,” which is sixth 
of in the order of size, is first in the order of speed because of its 
i simplicity. The differences which occur may therefore be ac- 
counted for on the basis of other factors and the relation between 
| speed and size comes out very prominently. 
ty This correspondence between the speed and size of writing 
ne. appears also from a comparison of the same letters written, first, 
in the ordinary size and, second, larger than usual. The com- 
e parison for the three adult subjects is shown in Table III. On the 
: right appears the percentage increase in the size of the letters 
ae when they were written large and on the left the percentage de- 
if crease in the time per millimeter (or the increase in speed) of the 
: large letters. 
There is in these cases a decrease in the time per mm. in 
Cr each case of an increase in size. The decrease in time ranges 
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TABLE III 
Comparison of the time in sigmas per mm. of letters written normal size and large 
Kind 
Reactor letter ‘“ Combarative times Comparative size 
per mm. in mm, 
Normal 31 42 18 22 24 12 33 31 
Large 15 24 14 16 45 21 51 45 
% Decrease 52 43 22 27 % Increase 88 75 55 45 
D. H. a e n a e n 
, AS b r f h b r f h 
Normal 40 48 47 17 II 15 
Large 28 26 30 30 20 26 
% Decrease 30 46 36 % Increase 76 82 73 
R. D. W. r e n r e m a 
Normal 75 44 50 10 15 19 
Large 22 15 15 31 35 78 40 
% Decrease 71 66 70 % Increase 210 133 310 


from 22 per cent to 71 per cent and is greater when the normal 
letter was unusually slow. The decrease in time is also greater 
the greater the increase in size. See for example, the great de- 
crease in time in case of the reactor R. D. W. 

This tendency to increase in speed with an increase of size is 
also shown by comparison of the total time of the letters of each 
sort. This comparison is made in Table IV, which refers to 
the same letters as those in Table III. There are four cases in 
which there is a decrease in the total time of a letter when the 
size increases. The increase in total time when it occurs is 
very small compared with the increase in size. 


TABLE IV 
Comparison of the total time in sigmas of letters of normal size and written large 
F. N. F. b r f h D. H. «@ e n R.D.W. r e n 
Normal 733 476 587 668 688 524 706 753 664 95 
Large 642 487 6093 675 844 515 775 679 549 1149 
% Ince —I12 I 23 —2 10 —I10 —I7 20 


A comparison may now be made between the average speed 
of normal letters and of those written between lines. Only two 
adult reactors gave data for such a comparison. The results are 
shown in Table V. The lines between which the reactor wrote 
were so placed in the case of R. D. W. that he wrote much larger 
than usual. The intention of this arrangement was to prevent 
_the reactor from disregarding the lines, but it also introduced 
another factor, that is, the increase in size. The amount of in- 
crease in size is shown on the right-hand side of the table. For 
R. D. W. this is great enough to necessitate a correction of the 


are 


| 
j 
Bh 
wa 
at 
{ 
| 
| 
‘ 


* 


2 FRANK NUGENT FREEMAN 


figures; that is, we must calculate the percentage change in time 
per mm. which would result from the increase in size of the 
letters (calculated on the basis of Table III) and by subtracting 
this from the actual percentage change in time get the increase 
which is due to the introduction of the lines. We have, therefore, 
in the table, first, the actual percentage change in time per 
mm., then the percentage change which would be produced 
by the increase in size and finally the corrected increase in time. 


TABLE V 


Comparison of time in sigmas per millimeter of letters, normal and between lines, 
showing increase in time. 


Time per mm, Size in mm, 

R. D. W. e m r e m r 
Normal 45 50 75 15 19 10 
Between lines 49 37 4I 22 45 25 
% Change +11 —26 —45 % Increase 47 137 #2150 
% Change corre- 

sponding to inc. 

in size —23 —3I —5I 
Corrected change +34 +5 +6 

D. H. e n p e n p 
Normal 48 48 28 II 15 21 
Between lines 74 73 44 nse 14 32 
% Increase 54 52 57 


The increase in time is very pronounced for D. H. and for 
the letter “e” of R. D. W. The lack of a pronounced increase 
for “m” and “r” of R. D. W. may be accounted for by the fact 


that the normal writing of this reactor was unusually slow as 


compared with the writing of the other reactors and with his 
own large writing. This then would tend to reduce the effect 


of lines in decreasing the speed of the writing. 


We turn now to a consideration of the average speed of the 
writing of children. The data for discussion are shown in 
Tables VI and VII. 

Table VI gives the time per millimeter of the normal letters 
written by the various children and the average for all of the 
children, as well as the percentage change in time of the letters 
written large and between lines. The corrected change in time 
for letters written between lines was calculated by the method 
already described for R. D. W. 

Table VII gives the size of the letters written under the dif- 
ferent conditions for the various children. The averages, and 
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the percentage increase in size of the letters written large and 
between lines. These figures are used as the basis for the calcu- 
lation of the corrected change in time for letters written between 
lines as given in Table VI. 

The speed of the children’s writing is markedly less than that 
of adults. The speed of the “r’” for example is 42 0 per mm. 
in the case of F. N. F. and 64 per mm. in the case of the most 
rapid children’s writing. The slowest of the children’s writing 
gives 188co for this letter. Similarly, the speed of “f” for 
F. N. F. is 18¢ and for the children 37¢ to 184¢. For the 
“h” the corresponding times are 22 6, and 41 o to 1560 respec- 
tively. The same relation may be found between the writing of 
the same letters by the other adults and that of the children; 
it is not necessary to make a detailed comparison. The only 
striking exception is the case of the “r” written by R. D. W. 
This is exceeded in speed by the writing of two of the children, 
but the large “r’ of R. D. W. is more than twice as fast as any 
of the large “r’s’” written by children. 

There is still a greater difference in speed in favor of adults 
when the letters are written large. That is, adults show a pro- 
portionally greater increase in speed with the increase in the 
size of the writing. 

As a class then the writing of children is much slower than 
that of adults. There is not. found in the present experiment, 
however, a uniform gradation in speed for the children of ad- 
vancing age, although the ten children do fall into several fairly 
well defined groups. H.H., C. K., and G. B., the older children, 
are comparatively fast writers. M. G., O. D., E. C., C. N. and 
A. S. write more slowly while, finally, the two youngest, E. H. 
and M. H., write comparatively fast... This anomaly of fast 
writing of the younger children is probably due partly to the fact 
that the children did not all apprehend the problem in exactly the 


*Other and more comprehensive tests of the writing of children in the 
elementary school of the University of Chicago and in the public schools 
of more than fifty large cities have revealed a more regular but not entirely 
uniform progression in speed. The speed is affected by the quality of the 


writing and probably also by the style of teaching adopted by the individual 
teacher. 
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same way. That is, some evidently aimed very much more at 
accuracy of form than others. Their writing had almost the 
appearance of the copy book style. The other children, on the 
other hand, wrote more fluently and carelessly. This may be 
due partly to a difference in teaching. A further possible cause 
of difference lies in the fact that the older children had reached 
a higher stage of development in which they were able to write a 
series of letters with a unified movement. Their chief advance 
then would be represented not by an improvement in the writing 
of isolated letters but of letters in a series. The present experi- 
ment deals almost entirely with the writing of isolated letters. 
This may not bring out the chief difference between the writing 
of the younger and the older children. 

The difference in speed of the letters of the alphabet due to 
their normal differences in size is also a factor in the writing of 
children. If we compare for example, the speed of the “a” and 
the “r’ with that of the “f’”’ and “h,” we find that the latter are 
written much more rapidly. The difference is not so great, how- 
ever, as in the case of adults. That is, there is not so much 
tendency in the writing of children to maintain a constant time 
for letters when the size varies. 

The relative decrease in speed of the children’s writing between 
lines is on the whole probably less than that in the writing of 
adults. It is greater than that of the adult reactor R. D. W., but 
this is probably, as indicated above, not a fair representative of 
the average change in the case of adults. In comparison with 
the other adult reactor, D. H., the writing of children between 
lines showed very much less decrease in speed. 

The discussion thus far has dealt with the average speed of the 
letters. We now come to the analysis of the speed of the various 
parts of a letter, represented in the speed curves. The results 
are not susceptible of presentation in tabular form, but must 
be given by an analysis of! typical individual speed curves. A 
comparative analysis may first be made of the characteristics of 
the different curves, and the relation of these characteristics to 
the forms of the various letters and to the different conditions 
of writing in the case of one individual. The comparison may 
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then, secondly, be extended in the same way to the writing of 
different adults and of children. An attempt will be made in 
connection with the analysis of the results to make an interpre- 
tation of them by relating them to other facts of reaction and 
movement. The question may be raised, for example, as to how 
far the changes in speed are due to mechanical or to psychological 
factors. We will now proceed with the discussion of the writing 
of the individual subjects. 

Figure 4, in the appendix, gives a typical speed curve of each 
letter of the alphabet as written by reactor F. N. F. An analysis 
of these curves shows that there is always considerable time 
consumed in starting the stroke and bringing it to its normal 
speed. There is also a retardation at the end of the letter. This 
slowness at the beginning, while characteristic of every letter, 
showed great variation in amount for the different letters. The 
duration ranges in the whole series from 51 ¢@ in the case of 
the letter “j,” to 128 ¢ in the case of “b.” The variation in the 
speed at the beginning is shown even in different cases of the 
same letter. The slowness at the end is not a uniform char- 
acteristic of all of the letters. 

No principle which may account for the initial variation is 
discoverable. If the letters are arranged in order according 
to the speed of the first part of the letter, this order has no 
evident correlation with that which is made on the basis of the 
size of the letter. We cannot say, therefore, that either the 
average speed or the size of the letter has a noticeable effect on 
the time of the first part of the stroke, for it will be remembered 
that there was a correlation found between average speed and 
size. The complexity of the'letter might conceivably have an 
effect upon the speed of the beginning, and if we allow for this 
factor, there might be a relation between the initial speed and 
the size of the letter in combination with the complexity. That 
is, theoretically we might assume that the retardation at the 
beginning would be greater the smaller the letter and the greater 
the complexity. Even with this modification, however, the two 
series do not show any apparent correlation. 

We may ask then what the explanation of the initial delay 
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may be. There is, doubtless, a slight mechanical inertia which 
would cause a somewhat gradual increase in speed at the begin- 
ning of the letter. The great variation in the initial speed, how- 
ever, shows that this factor, in the cases before us, accounts 
for only a small part of the phenomenon. Evidently there are 
cases in which the writer is prepared to make a stroke as soon 
as the pencil touches the paper, and in these cases inertia plays 
but a small part. If we turn to a possible psychological factor, 
we must exclude any which involves a reaction time. We might 
conclude, for example, that the initial period represented the 
time of reaction to the cue furnished by the contact of the pencil 
with the paper. The time of the first millimeter, however, is 
less than 100¢ in all but three of the letters and this obviously 
excludes such an interpretation. The assumption that originally 
such a reaction took place and that the adult habit is a survival 
of this procedure is probably also excluded by the fact that a 
time sufficiently long to admit of a reaction is not present in a 
nine-year-old child. If a reaction to contact-stimulus were the 
original basis then of this delay, it must have disappeared be- 
fore that age. We can only say that the initiation of the stroke 
includes a movement of the pencil down upon the paper and then 
across its surface. A slight incoodrdination between the two parts 
of the act would account for the delay at the beginning of the 
letter. The lack of accurate adjustment would also account for 
the variation in the time of this initiatory stroke. Since the 
initial delay is too short to be interpreted as reaction time, we 
cannot speak of the initial pressure as an initiatory control, but 
only as a possible report control, that is, a sensation which reports 
the completion of an intended movement. This will be again 
referred to in a discussion of the pressure. 

The retardation at the end of the letter is still more variable 
than the delay at the beginning. In fact, it is sometimes absent 
altogether. When it is present, however, it apparently indicates 
that stopping a movement may be as definite an act as startiny 
one. It was found in the preliminary experiment (7), for ex- 
ample, that a reaction by stopping a movement was longer than 
one by starting. But in finishing the movement of writing a 
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letter we have not the same sort of reaction as when a movement: 
is stopped at a given signal since in writing a letter the end of 
the movement is anticipated during the writing. We have, how-. 
ever, on the objective side, as already indicated, and also on the 
subjective side, a definite fact representing the cessation of the 
movement. The movement does not merely stop but it is stopped. 
This is often connected with the consciousness of the “rounding 
up” of the letter, as though one would say, “so much is finished.” 
This is, doubtless, much more characteristic of some writers. 
than of others. 

An examination of the speed curves (Fig. 4) shows that there 
are other points at which there is a definite retardation of the 
movement, and a comparison of these points with the letters. 
themselves indicates that they come at places of change in 


direction of the stroke. We may, for convenience, call these 


places in the letter “turns,” that is, points where the stroke 
turns a corner. Binet and Courtier (4) and Jack (10) mention 
these points of retardation and state as a general principle that 
the retardation is greater the sharper the turn, or that the speed 
is proportional to the radius of the curve. This rule would hold 
roughly if the delay in speed were due to mechanical factors. 
There is, doubtless, some approach to this general principle, but 
it does not apply in the wholesale fashion indicated by such a 
simple statement. There are other factors which influence greatly 
the amount of retardation. A measure of the difference which is 
due merely to the difference in angular change may perhaps be 
seen from a comparison of the “I” and the “t.’”’ We have here 
two turns which are radically different in form. The sharp 
turn at the top of the “t” is, to be sure, slower than the more 
rounded turn at the top of the “1,” but the difference in this 
case is slight. The difference is much less than many differences. . 
in the case of strokes having the same sort.of turn. Compare, 
for example, in this respect the first turns of the “a,” “d,” and 
“go,” all of which are of the same form. The relative retarda- 
tion of these is quite different. 

The last example shows that we must look to other conditions 
than the immediate character of the stroke to explain the speed. 
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The part of the letter which follows any particular part under 
consideration is of importance. In the present instance, for 
example, the latter part of the letter “g,” that is, the lower loop, 
doubtless has an effect upon the time of the first turn. This is 
but an example, of which many others will be found, of the 
fact that the act of writing a letter is a unitary thing, each part 
influencing every other part. In particular, the following parts 
of a letter influence those which precede. This is closely related 
to some of the results found in the preliminary reaction ex- 
periment (7). For example, the time of a reaction was very 
much lengthened when the stroke which constituted it was re- 
quired to extend to a certain point, or to follow the course of 
some geometrical figure. In terms of adjustment, the motor 
mechanism had a different set according as the the later move- 
ment was of one sort or another. In psychological terms, the 


anticipation of a given type of later movement affected the 
previous attitude. 


The same difference as that found in the last mentioned letters 
is also found in the comparison of the “1” and the “j.” That is, 
with two turns exactly similar the amount of retardation is 
different. 

If we compare the turns in the “m” and “n”’ with those in “u” 
and “w,” a striking fact appears. Whereas, in the former, the 
sharp turns (at the bottom of the letters) are much slower than 
the rounded ones, in the case of the latter this difference dis- 
appears or is reversed. The sharp turns at the top are no slower 
than the rounded turns at the bottom. 

The turns represent, therefore, something besides mere points 
requiring a mechanical readjustment of the stroke. They doubt- 
less represent to a large degree the points of division of the 
letter from the point of view of the movement and the percep- 
tion processes. That is, a letter is represented to us, not as a 
uniform whole, but as composed of certain subordinate units. 
If the division point between these units occurs at a turn, the 
mechanical tendency to a retardation will be reinforced. Other- 
wise, the movement will proceed past the turn with little more 
retardation than is produced by mechanical conditions. In 
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the case of the “g,’”’ for example, it is very probable that the first 
enclosed loop, which it has in common with the ‘“‘a,’’ and the 
other loop which extends below the line, represents two such units 
of the letter. The development of these units of movement is 
characteristic of adult writing, as we shall see later. 

In confirmation of the principle that certain turns show a 
retardation out of proportion to the change in direction of the 
stroke, we may point to the last turns in the letters “‘b,” “f,” “‘k,”’ 
“o,” “v,” “w,” and “s.” From the point of view of form 
there is no reason for the extreme retardation of these turns. 
That is, we cannot assign a mechanical cause for it. They have 
the common characteristic, however, that they mark the comple- 
tion of a certain definite part of the letter. In addition to this, 
most of them demand a rather delicate adjustment of the stroke 
so as to meet a certain point or line. These two factors together 
comprise the condition which-causes the slowness of the move- 
ment. The first factor is the same as that which, according to 
our hypothesis, caused retardation at the end of the letter, and 
the second is related to the retardation of a reaction, already 
referred to, caused by the necessity of a later adjustment. Binet 
and Courtier (4) refer to this same fact when they state that 
the more conditions which are set for the movement, the slower 
it is. 

The slowness at the second turn of the “z’ may perhaps be 
ascribed partly to the fact that it completes one section of the 
letter as well as to the fact that it is immediately followed by 
another pronounced readjustment in direction. That is, the next 
stroke consists in a rather abrupt turn and the formation of 
a loop. The latter condition (a sharp turn followed closely by 
another) is still more strikingly exemplified in the letter “r.” 
The first turn of this letter is no sharper than the top turns of 
the “i” and the “‘j,” for example, but it is uniformly an extremely 
slow stroke. In analyzing the letter we see that this particular 
turn is immediately followed by two other readjustments in 
direction. In preparation for these, the movement makes an 
unusually long pause. Another example is shown in the com- 
parative speed of the last upstroke of the “g” and the “q.” In 
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the latter it shows the delay which is produced by the more 
delicate adjustment which concludes it. 

The effect of the succeeding part of a letter upon that which 
precedes is well brought out, too, by a comparison of the first 
turn in the letters “a,” “d,” “gq,” and “g.” This turn is exactly 
the same in all these letters from the point of view of its ex- 
ternal form. It may be readily seen, however, that it is pro- 
gressively more rapid in the successive letters, in the order 
named. This corresponds to the fact that there is also a pro- 
gressive increase in the size of the letters. Evidently then, the 
total size of the letter has an influence upon the speed of certain 
definite parts. The individual parts do not stand by themselves, 
but are united throughout the whole letter in the total move- 
ment which produces them, so that each part is influenced by the 
others. 

We may now turn our attention to a comparison of the speed 
of the relatively straight strokes of the different letters. Binet 
and Courtier (4) stated that the longer the stroke, the faster 
was the movement which made it. This appears to be true in 
the examples which are before us. In the form of the above 
statement, however, it is susceptible of an explanation which our 
curves do not justify. That is, it is clear that from the mechanical 
standpoint a stroke might gather speed the longer it persisted. 
We would then have a shorter stroke and a longer one exactly 
similar so long as we compared identical distances. That is, the 
longer stroke would increase in speed in the same manner as the 
shorter one and then continue its increase merely because it lasted 
longer than the other. This, however, is not the case. The 
longer strokes reach their characteristic speed in the same space 
as the shorter ones, and this speed is greater in the former than 
in the latter. This is shown by the fact that the speed curves for 
the straighter strokes are practically level, and that those for the 
longer ones are on a lower level than the others. Compare, for 
example, the similar strokes of the letters “e” and “1,” “i” and 

If we compare the smaller and the larger letters with respect 
to the speed of the turns, we find here also the same relation 
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as in the case of the straight strokes. That is, the longer letters 

are faster throughout. This enables us to analyze the differ- 
Beek ence which we found between the average speed of the large and 

; the small letters. This might possibly have been due to the fact 
that the longer letters haye a greater proportion of straight 
strokes as compared with the turns, and that they, therefore, 
have a greater average speed since the straight strokes are more 
rapid than the turns. This, it is true, must contribute to the 
difference in speed, but that it is not the whole or even the chief 
factor, is seen from the present analysis. That is, the elements 
in the letter which are strictly comparable are made in different 
time when the letter is large or small. In the large letter there is 
a quickening of the whole movement, an evident tendency to 
rhythmical writing in the sense that different strokes, though of 
differing length, tend to be made in the same time. 

We may further compare the speed of the up and down 
strokes. Awramoff (2) states that down strokes are the faster. 
In our own preliminary experiment (7) the relation of the speed 
of vertical lines in the upward and downward direction was 
studied in the case of the four reactors. There was found to be 
a large variation. The reactors formed a series. One of 
them made the up strokes markedly faster, and another 
the down strokes faster. The two other reactors made the one 
or the other faster on the average, but the difference was much 
less. One of the two latter was the reactor whose writing is 
the subject of this analysis (F. N. F.). In the preliminary ex- 
periment he made the up strokes faster than the down strokes in 
eleven cases out of sixteen. In writing the letters in the present 
experiment there are some cases in which the same relation holds, 
' but there seems to be no uniform rule. There are many special 
if conditions which affect the speed of the up or down stroke, so 
bi ) that any tendency which may exist toward a greater speed of the 

one or the other 's covered up. For example, the main down 
strokes of the “d,” the “f” and the “p” are the faster, but this 
‘ difference may be assigned to the fact that these strokes have 
tn fewer conditions to meet than the up strokes, or that they are of 
greater length. On the other hand, the up strokes of the “i,” the 
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“wu” and the “z” are the faster. But in the case of the first two 
letters, these strokes are the longer, and in the case of the last 
one the up stroke has a freer course. There is therefore no clear 
evidence that either sort of stroke is more rapid than the other in 
the case of this reactor. ° 

The relative speed of the strokes in the direction of the two 
diagonals, the upper left to lower right (represented in back- 
hand writing), and the upper right to lower left, is shown in 
the letter “x.’’ In accordance with the principle laid down by 
Binet and Courtier (4), Woodworth(21), McAllister (12), and 
McMillan (13), the latter is much the faster. 

The letters “x” and “t” furnish an opportunity for a compari- 
son of the speed of the stroke which the pencil traces through 
the air in making two parts of the letter, with the speed with 
which it makes the stroke itself. The average time per millimeter 
from the end of one stroke to the beginning of the next in these 
two letters was measured, and is indicated in the line which 
joins the corresponding points on the speed curve. It appears 
that the average speed of this free stroke is the same as for 
the part of the stroke immediately preceding and following it. 
This seems on the face to be a contradiction of the statement 
of Binet and Courtier that connected writing is faster than 
disconnected. The facts, however, are too fragmentary upon 
which to base such a conclusion, and it will be also noted that 
the parts of the letter which precede and follow the free stroke, 
are not so rapid as the ordinary straight stroke. This is doubt- 
less due to the fact that there is here a readjustment in direction. 
We cannot, therefore, in the present case, draw any far-reaching 
inference. 

An examination of the records of the other adult reactors will 
indicate the variations which may be expected to occur within 
the adult type and will give a broader basis for comparison of 
the adult with the child type. A few speed curves from the three 
other adults are shown as samples in Figure 5 in the appendix: 


“a” by T. T. G. (curve 68) and D. H. (curve 78) ; “b” and “c” : 


by T. T. G. (curves 66 and 72); “e” by D. H. (curve 74) and 
R. D. W. (curve 85); “m” by R. D. W. (curve 87), “n” and 
“p” by D. H. (curves 76 and 79). 
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In discussing the differences between the speed curves of 
the different persons the difference in shape of the letters must 
be taken into account. Compare, for example, the shape of the 
“c” as written by F. N. F. and by T. T. G. Aside from the extra 
stroke, the latter has a sharper turn at the bottom than the 
former. Compare also the “a” of D. H. with that of F. N. F. and 

of of T. T. G. There are here three degrees of angularity, from 
ake the writing of T. T. G. at one extreme to that of D. H. at the 

He other. We should then expect to find, other things being equal, 
a corresponding difference in the amount of retardation at the 
turns. If the differences do not correspond, other things, that is 
the characteristic speed variations of the writers in question, are 
not equal. 

It should be said also in discussing the retardation of the turns 
of a letter, that we should regard the relative and not the absolute 
speed of these parts. As a measure of retardation then, we shall 
take the quotient of the time of a particular slow part of a stroke 
divided by the time of the adjacent rapid part. In making this 


wy calculation we will not use the extremely low points of the 
a curves of T. T. G. since the time these represent is probably 
too short. 

st From a glance at the general characteristics of the speed 
“4 


curves of the various reactors, it is seen that they conform to 
those already pointed out in detail in the case of one writer?. We 
find the gradual increase in speed at the beginning, the retardation 


he at each change in direction, and in some cases, notably in the 
oN writing of T. T. G., a retardation at the end. 
My] If we examine the writing of the four reactors we shall see 
+ that that of one, T. T. G., is angular, that of two, D. H. and 
| “A R. D. W. is rounded, and that of the fourth F. N. F., stands mid- 


way between the two extremes. Parallel to these differences 
there is a difference in the average speed, T. T. G. writing most 
rapidly, D. H. and R. D. W. most slowly, and F. N. F. at a 
medium rate. The relative speed of the straight strokes and the 
turns varies in the same order. There is a relatively greater 
retardation at the turns in the writing of T. T. G., least in that 


We *See p. 13. 
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of D. H. and R. D. W., and “an amount between these two ex- 
tremes in the writing of F. N. F. That is, so far as we may 
judge from the the results of these few reactors, the relation 
between the speed of the straight strokes and the turns and the 
differences in speed for the different sharpness of the turns are 
the same when we compare the writing of different individuals 
as when we compare the writing of different letters written by 
the same individual. The same rule holds that the sharper the 
turn the greater the retardation. In regard to the relation be- 
tween the differences in speed and the amount of retardation, 
however, the principle appears to be reversed. When we compare 
the writing of different individuals, the more rapid writing is 
characterized by greater retardation at the turns. That is, the 
difference in speed seems to be chiefly in writing the straighter 
strokes, whereas in the writing of a single individual an increase 
in speed in rapid writing occurs equally or nearly so in all parts 
of the letter. In other words, the same writer tends to preserve 
his characteristic writing rhythm at different speeds, while differ- 
ent writers who write at different speeds have also a different 
rhythm. 

It was remarked above that the writing of T. T. G. is char- 
acterized by a marked retardation at the end of the letter. It 
will also be remembered that this writer has greater retardation 
at the turns. We may then say that he has a general habit of 
pausing, or at least slowing down the strokes at the end of strokes 
and of letters. This may be called a particular type of the 
writing habit, and goes in this case, at least, with an angular 
style and with generally rapid writing. 

As was found in the case of F. N. F., there is no noticeable 
difference in the writing of other adult reactors in the relative 
speed of the up and the down strokes. 

In discussing the writing of F. N. F., we have already compared 
the speed characteristics of letters of different sizes, as for ex- 
ample, the “‘a” and the “p.”* We may also compare the speed of 
certain letters written by the adult subjects at one time in the 
usual size and at another time written larger than usual. Two 


*See pp. 17-18. 
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typical records of letters written larger than ordinarily are shown 
in Figure 6, the letters “r” written by F. N. F. (curve 47), and 
“n” written by D. H. (curve 82). These show the typical rela- 
tion of letters written in this way to the ordinary writing. A 
comparison of these curves with those of the records of the same 


- letters, written by the same subjects, in the usual size, in Figures 


4 and 5 shows that the same difference obtains here as was noted 
between different letters of different sizes. That is, in writing the 
larger letter, whether we compare different letters of different 
sizes or the same letter written now small and now large, there is 
a marked increase in speed throughout the letter, both on the 
straight strokes and at the turns. In other words, a writer tends 
to maintain the same writing rhythm. 

The records from writing between lines are so meager that 
general conclusions cannot be drawn from them. ‘The results 
from the three cases which are at hand are suggestive, however, 
and are illustrated in the sample record from the letter ‘“n” 
written between lines by D. H., Figure 6, curve 75. A marked 
retardation in the speed is here evident, and it is also evident 
that practically all the excess retardation comes at the turns, 
that is, at the places where the stroke approaches the limiting 
line. 

An illustration of the effect on the speed of writing a connected 
series of letters in a word is given in Figure 7. This is the record 
of the letters “Frank,” part of the given name of the reactor. A 
comparison with the separate letters “r,” “a,” and “n” may be 
made by turning to the curves in Figure 4. The striking thing 
about the connected letters is the great uniformity in the speed 
changes of the successive strokes as compared with the changes 
in the same letters written separately. The amount of retardation 
at the turns in particular, is practically the same for the various 
turns of the different strokes. This is a good example of a sort 
of unity or uniformity in connected writing which consists in a 
marked degree of rhythm throughout. This rhythm is partly 
independent of the external formal character of the strokes and 
partly influences the character of the external form by reducing 
the differences among the various letters. 
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The pressure changes in adult writing are illustrated by the 
reduced reproductions of typical pressure curves from F. N. F., 
D. H. and R. D. W. shown in Figure 8. These curves are to be 
read from right to left. The dots on the curves represent cer- 
tain stages in the letter. The first dot on the right represents 
the end of the first millimeter of the stroke, the succeeding dots 
represent the various turns, so that the parts between the dots 
correspond to the different strokes. 

A glance at the various pressure curves makes it evident that 
there are regularly two points of high pressure in the letter, 
namely, the beginning and the end. There are exceptions to 
this rule, as at the beginning of the letters “h’’ and “t’’ (curves 
ec and f, Figure 8). These are, however, distinct exceptions. 
The particular curves shown to illustrate the writing of D. H. 
do not show a marked high pressure at the beginning. The 
writing of this reactor is not in general, however, an exception 
to the rule. This high pressure at the beginning and the end 
of the letter occurs whatever the direction of the stroke may 
happen to be. It may be an up stroke, a down stroke or a hori- 
zontal stroke. It is evidently due, then, to the position of the 
stroke in the letter. An explanation for the high pressure at 
the beginning has been suggested in discussing the retardation 
at this part of the letter. On account of the insufficient time, 
the retardation and high pressure cannot be regarded as consti- 
tuting an initiatory cue or control, but are probably due to the 
fact that the beginning of the stroke constitutes a point of ad- 
justment between the movement toward the paper and one along 
the surface of the paper. The stroke along the surface of the 
paper is not a second movement, the initiation of which follows 
upon the sensation of pressure caused by the contact of the pencil 
with the paper, but part of a single movement which may be in- 
terrupted for a longer or shorter period by the lack of perfect 
adjustment to the position of the paper. This adjustment may 
be more or less rapid and perfect. The more rapid and perfect it 
is, the less will be the retardation and excess of pressure at the 
beginning of the stroke. 

The pressure at the end may be related to the fact that there is 
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a progressive increase in pressure throughout the letter. This 
latter fact was noted by Gross (9). There is probably a general 
heightening of nervous excitation in the course of the writing. 
There is, however, a special increase in pressure just at the 
end. We found also that there is often a marked retardation at 
the end of the letter. The two facts are doubtless connected and 
are to be interpreted as meaning that ending a letter is a definite 
act psychologically and physiologically. 

The above-mentioned pressure characteristics pertain to the 
letter as a whole and indicate its unity. There are also certain 
pressure changes which correspond to particular sorts of strokes. 
An examination of the pressure curves shows that there is, in 
general, a greater pressure on the down strokes than the up 
strokes. This fact was also pointed cut by Gross. The rule, it 
is true, is not universal. There are variations between different 
letters and between different reactors, and limitations due to the 
position of the stroke in the letter. So, for example, the last 
stroke may be an up stroke and still have a high pressure. See 
the curve for the “h,” curve c, Figure 8. Or the first stroke of 
a letter may be a down stroke but the initial pressure be so great 
that the subsequent part of the stroke decreases in pressure. 
Again, while a down stroke may in general be made with a 
high pressure, the last part of the stroke may decrease in pressure. 
Or the last part of an up stroke may increase in pressure 
in the same way. For this reason the division points on the 
curve do not always come at the crest or the valley. See the two 
“h’s,” curves b and c, Figure 8. Further, as was indicated in 
the preliminary experiment, there is often a slight rise in pres- 
sure at the beginning of a stroke, whether its direction be up 
or down. See, for example, the rise at the beginning of the 
“o,”’ curve d, Figure 8. These variations are due to the relation 
of the different strokes to each other in the letter and are evidence 
of th oft-repeated fact that a letter is not merely a collection 
of strokes, but possesses a distinct unity. 

There are also variations among different individuals in 
the relation of the pressure to the direction of the stroke. To 
R. D. W., for example, the rule applies but very slightly. There 
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is somewhat greater pressure on the down strcke, but not a 
great deal. This brings us to the query why any such relationship 
exists and why it varies with different persons. The difference 
might formerly have been explained as a result of convention. 
But shading on the down stroke is not now commonly taught 
or practiced with definite intent in the United States. Such 
shading might, however, explain the phenomenon among writers 
in Germany. A probable explanation is to be found in the man- 
ner of holding the pen and in the character of the movement 
from the mechanical standpoint. If we observe the position of 
the pen as we hold it in the orthodox way, we will see that it 
makes an acute angle with a down stroke of the writing. A 
movement made in this position by turning the fingers about the 
middle joints would, if the pen point were not against the paper, 
trace an arc of a circle. The chord of this arc would not be 
parallel to the surface of the paper but would be inclined toward 
it as we make a down stroke. When the pen moves across the 
surface of the paper we compensate for this tendency by an 
extensor movement of the first joints of the fingers and a drawing 
up of the thumb. The tendency to make the movement in a 
simpler way, that is, by a simple arc-movement about the middle 
joint, survives, however, in the increased pressure of the stroke. 

Reactor R. D. W. held his hand over on the right side so 
that the pencil did not make an acute angle with the down stroke, 
and accordingly we find that he exerts practically the same 
pressure on the down as on the up stroke. The variation in 
pressure is then probably the function of the mechanical condi- 
tions of writing due to the manner of holding the pen, and to the 
character of the movement in relation to the structure of the hand. 

Pressure changes during writing which have been described in 
the case of one reactor are characteristic of the others with the 
exception just noted. There are certain variations in detail, 
but the general principles hold good. 

A pressure curve of a letter written large is shown from the 
writing of R. D. W. and D. H., and of one written between lines 
by D. H. (Fig. 8). The effect of the modified conditions is 
substantially the same for all the reactors. When the letters are 
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written large there is a greater difference between the maximum 
and minimum pressure of a letter than when they are written 
in the usual size. There is also more variation in the different 
parts. In the case of letters written between lines, the oppo- 
site effect may be seen. There is less difference in pressure in 
the different parts. In the latter case it is evident that greater 
care and closer attention is given to the form of the writing. In 
the former case, effort is put forth to write with greater speed, 
though the effort may be made without conscious attention. We 
may then assume, perhaps, that the attention is to some degree 
withdrawn from the form. If this inference is correct we may 
say that attention to form tends to a lack of differentiation in 
pressure and conversely that approach to automatic writing 
tends to differentiation in pressure. 

In order to compare the writing of children with that of adults, 
a single letter is chosen, the letter “f.” The speed record, of this 
letter written in the usual way is taken from the writing of 
H. H., C. N., A. S., E. H. and M. H. (Fig. 9, curves 93, 104, 
109, I21 and 115) and the record of the same letter written large © 
and between lines is given for the last four reactors (Fig. 10, 
curves 105, III, 123, 117 and 107, 113, 125 and I19g respect- 
ively). Pressure curves from the same letter for all five reactors 


are shown in Figure II. 


The most general facts in regard to the speed changes in 
adult writing appear also in the writing of children. There is 
a marked variation in speed in the different parts of the letter. 
The greatest speed is on the straight strokes and there is a more 
or less retardation at the turns. When we come to examine the 
children’s writing in detail, however, marked differences appear. 
An examination of the curves from the children’s writing re- 
veals a great deal of irregularity, both between the writing of 
different children and in the writing of the same individual. 
Compare, for example, curves No. 104 and 109 irom the writing 
of C. N. and A. S. (11 years of age) and curves Nos. 121 and 
115 from the same letter written by E. H. and M. H. (10 and 9 
years respectively). Although the latter two children are 
younger they have written the letters much faster than the first 
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two. The children, in general, showed in the experiment a ten- 
dency to write in what appeared to be an unnatural and unusually 
slow manner. But in the case of the reactors here under con- 
sideration, the supervisor of penmanship, Mr. Houston, was 
present and encouraged them to write freely until he obtained 
what he thought was their normal-writing. We may assume 
then that the characteristics of this writing were not the product 
of the conditions of this experiment. We must seek a more 
general explanation. 

There are three possible explanations for this difference be- 
tween the writing of the different children. In the first place, it 
may be due to individual variation. This, however, is improbable, 
for individual variation is ordinarily greater in the writing of 
adults than of children, and the variation in the present instance 
is greater than that which we have found in the case of adults. 
In the second place, the difference may be due to differ- 
ences in the stage of development, the earlier stage being charac- 
terized by greater freedom and less care for form than the 
later one. A failure to develop in the direction of increase of 
speed might also, as remarked above, be due to the fact that 
attention was being turned to the connection of the letters with 
one another. The third possibility is that the writing of a child 
is more variable than that of an adult. The same child may 
write now slowly and carefully, and now rapidly and carelessly, 
according as the conditions vary or his attitude toward the situa- 
tion is different. His habit, according to this view, is not yet 
settled, and since it is in the plastic state it is much more sus- 
ceptible to outside influences. Adults are also subject to such 
infiuence, but not to the same extent. On the basis of our present 
knowledge of the child’s writing habit the third explanation seems 
to the writer to be the most probable. 

The great irregularity in the writing of the same individual may 
be seen by comparing (Fig. 9) the speed of the different strokes 
in the writing of H. H., curve 93 and of C. N., curve 121; and 
of the first part of the letter with the last part in the case of 
M. H., curve 115. These examples are illustrations of the fact 
referred to in the last paragraph, that the same child may have 
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different types of writing. The extremely slow writing is evi- 
dently not due to the inability to make a single stroke more 
rapidly, but either to the difficulty of combining the strokes in 
a complex total movement, or to attention on the visual form 
to be made, thus introducing conditions which we have found to 
reduce the speed of the movement. These two causes doubtless 
are combined. | 

aes In spite of these variations, the children have, in common, 
£ one mark of uniform difference from adults. This difference 
is concerned with the relative speed of the straight strokes and 
turns. There is less retardation at the turns in the children’s 
writing compared with the speed of the straight strokes. The 
form of the curve does not make this apparent; in order to get 
at the true relations one must compare the distance of the var- 


Sis 


modify the type of the movement so as to approach that of 
adults. That is, there is a greater difference between the speed 
of straight strokes and turns when the writing is large. The 
younger children had apparently written at about their maximum 
speed when they wrote the letter in the usual size. It may also 
be that the tendency to rhythm is less with them and their 
writing is therefore less modified by the increase in size. | 
There is a noticeable difference in the speed changes when 
the letters are written between the lines. The feature common to 
all the cases is the increased retardation at the turns where the 


ious parts from the base line. The difference between the writ- 
d ing of children and adults in the ratio of the speed of the straight 
it : strokes and the turns is then seen to be marked. Children have, 
; he then, a greater general uniformity of speed throughout the letter, 
3: so far as the influence of different kinds of strokes is concerned. 
af That is, there is less difference on the average, between the speed 
ot of the straight strokes and the turns. 
- The curves 105, III, 123 and 117 in Fig. 10 are records 
+8 from C. N., A. S., E. H. and M. H. writing the same letter 
‘4 . large. We have here evidence in confirmation of the position 
a that the first two children are to be distinguished from the 
: { last two in the type of movement they employed. In writing 
ct large the first two modify the speed of their movement radically 
a while the last two do not. The first two reactors, furthermore, 
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letters meet the line or a decrease in speed on the part of the 
stroke approaching this point or both. In the case of A. S. the 
approach only is slow. A very noticeable case of the retardation 
at the turn is seen in curve 107 from C. N. A marked case of 
retardation on the approach is seen in curve 119, from M. H. 
The lines were so placed that the letter was written considerably 
larger than usual. This caused it to be written more rapidly by 
C. N. and A. S., particularly the latter, and this counteracted the 
retardation due to the lines. 

These results indicate then that a restriction such as limiting 
lines has a similar effect on the writing of children as on that of 
adults, that is, a retardation, particularly at and just before the 
point of finer adjustment. 

The pressure of children’s writing is illustrated by curves 
from five reactors, Figure 11. The pressure records of E. H. 
were too dim to be read. The division points on the curve 
represent the same points on the letter as in Figure 8. Where 
there are only three division points the last out stroke of the “f” 
was too short to be indicated. 

The mean pressure of the children’s writing is less than that 
of the adults, as shown in the accompanying table: 


Adults 
13.5 

Children 


The units are arbitrary. The letters on the right indicate the 
sex and show that this was not a determining factor. Too much 
stress is not to be laid on this difference in mean pressure because 
the children in these schools were drilled in the avoidance of 
pressure. The low pressure of H. H., the son of the writing 
supervisor, is significant in this regard. 

In certain respects the pressure changes of children’s writing 
are similar to those of adults, There is a gradual increase 
in pressure toward the end of the letter. There is usually a rise 
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in pressure on the dewn stroke and a fall on the up stroke. 
The curves from reactors A. S. and M. H. are exceptions to the 
rule in this respect. 

The similarity of the records of some of the children to 
those of adults is also apparent. The pressure in the 
writing of H. H., C. K. and C. N., for example, increases and 
decreases in the same parts of the letter as in the typical adult 
writing. The entire release of pressure, however, is a mark of 
difference. In the writing of A. S. and M. H. the maintenance 
of the same degree of pressure for a continued period of time at 
the end of the letter is at variance with the adult type. In gen- 
eral then, the pressure of the children’s writing varies from that 
of adult writing chiefly in that it is more irregular. This 1s 
evidence that the coordination has not yet attained stability and 
uniformity. 

If we attempt to characterize the writing habit of children in 
comparison with that of adults, or in other words, if we describe 
the course of development of the writing habit so far as we may 
do so on the basis of the results of this experiment, we find in 
the first place that undeveloped writing is irregular. This ir- 
regularity is a matter of easy observation so far as the external 
form is concerned. We have here defined the irregularity in 
terms of the coordination. There is irregularity in the average 
speed and in the distribution of speed throughout the letter. For 
example, though the ratio between the speed of the straight 
strokes and the turns is less than in the writing of adults, though 
there is greater uniformity in this sense, this ratio is less con- 
stant than in adults’ writing. There is greater change wrought 
in the coordination by changes in the outward conditions. The 
yet imperfectly formed codrdination is unstable, having not yet 
acquired its fixed form. 

Another characteristic of undeveloped writing which we have 
been able to define somewhat definitely, is the relative lack of 
rhythm. There is less tendency than in developed writing to 
increase the speed with an increase in size, whether of the same 
letter or of different ones. In writing letters larger than usual 
the adult increases the speed of the whole letter, while the child 
increases the speed of the straighter strokes. 
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We may venture to interpret the greater uniformity in speed 
in the writing of children as indicating that the writing process 
is a more continuous one than is the writing of adults. This 
continuity may be interpreted as giving evidence of more con- 
tinuous and uniform discharge of nervous energy, or inner- 
vation. On the the mental side it doubtless corresponds to the 
imcre continuous and greater expenditure of effort throughout 
each part of the writing stroke; and to the application of a 
higher degree of attention to the visual aspects of the writing 
stroke during its production. This latter conclusion is supported 
by the experiments of Ahrens (1) and the observations of Schu- 
bert, whom he quotes, to the effect that the eye movements of 
children follow the course of the writing strcke more completely 
than do the eye movements of adults, 

With the development of the coordination less attention is 
given to the visual aspects of the writing. The guidance or 
control of the movement must then be given over more largely 
to the kinesthetic sensations. This fact brings the points of 
‘motor readjustment in the writing into greater prominence. 
These are of course the points of division between the successive 
strokes. Furthermore, the control in developed writing is not 
only relatively less dependent on the visual and more on the 
kinesthetic sensations, but the attention is less directed toward 
controls of any sort. In other words the writing becomes more 
automatic in nature and comes more under the influence of the 
mechanical conditions of the movement. One of these condi- 
tions is the inertia which brings about a retardation in the speed 
of an object when the direction of its movement is altered. This 
factor again brings about a discontinuity in the movement by 
which the successive strokes are produced. 

The results of this experiment, then, lead to the adoption of a 
point of view regarding the character of the nervous process 
by which the writing movement is produced which is at variance 
with the interpretation made by Smith (18) and Awramoff (2) 
on the basis of their experiments, and by Meumann (15) in his 
interpretation of children’s writing. These authors hold that 
children’s writing is a series of separate impulses or innerva- 
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tions (Einzelinnervationen), whereas in the writing of adults 
a number of successive strokes or letters is united by the fact 
that they are produced by a single impulse (Gesammtinnerva- 
tion). On the contrary, the writing of children is less broken 
up into distinct strokes than that of adults, The fact that the 
pressure curves give evidence of at least as sustained effort as do 
the pressure curves of adult writing points to the same conclusion. 

As there are characteristics of writing in successive stages of 
development which point to a breaking up of the continuity of 
the process, there are other facts which point to a progressive 
organization or unification. This appears in the more pro- 
nounced rhythm of developed writing and in the extent to 
which the speed and pressure of the individual strokes are 
modified by their relation to the other strokes which compose 
the letter or the word. This increase in the organization of the 
movement may be looked on as the positive result of the change 
in the object of attention, of which the negative result is the 
increased mechanization. The attention of the practiced writer 
is not narrowed to the portion of the stroke which is being made, 
but includes the word or group of letters of which the stroke 
which is being made is a part. That this inclusion in the atten- 
tion of anticipated strokes influences the stroke which is in the 
course of being made accords with the fact which was dis- 
covered in the preliminary experiment (Freeman 8), namely, 
that the speed of a reaction is modified by the anticipated later 
course of the movement. 

This anticipation of letters and organization into groups ac- 
companies the recognition of them as having meaning—that is, 
as being language symbols. The organization takes place pri- 
marily on the plane of the recognition of meaning, and secon- 
darily in the motor process. This organization affects the series 
of innervaticns which compose the writing movement, not by 
making them into a total innervation, but by introducing modifi- 
cations into the successive innervations. These modifications take 
the form of the development of rhythm, and of sundry retarda- 
tions or accelerations of parts of strokes as the result of the 
anticipation of other strokes. 
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The statement that undeveloped writing is not organized into 
a complex habit so that the separate elements of movement can be 
relinquished to relative automatism does not mean that the child 
would not be able to make a single stroke by itself, not in a letter, 
much faster than he makes the parts of a letter. He could. 
But it is precisely the ability to make a stroke in a letter as 
though it were not restricted by its relationship to other strokes, 
and at the same time adjust it nicely to them, which requires the 
combination of automatism and control which the child cannot 
command. He must develop it by long practice, at first under the 
constant guidance of attention. 

It would be out of place to discuss here any pedagogical appli- 
cations of these principles, but one which follows directly from 
what has been said may be at least mentioned. It is unques- 
tionably true, as Meumann (15) and Awramoff (2) hold, that 
since rhythm is one of the chief characteristics of the developed 
writing habit, to impose an artificial rhythm upon undeveloped 
writing will give it some of the characteristics of developed 
writing. It may do so at the expense of external form, however, 
if the precaution is not taken to suit the tempo to the ability and 
stage of development of the child. 
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Figure 4—Reproducton of speed curves from all the letters of the alphabet from the writing of F. N. F. 
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Figure 5—Reproduction of speed curves of letters written by T. T. G., 


D. H., and R. D. W. 
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Ficure 5 (Continued) 
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Ficure 8—Pressure curves from the adult subjects, F. N. F., D. H., and 


R. D. W. 
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Ficure 8 (Continued) 
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FicurE 9—Speed curves of letters written by children, in usual manner 
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Ficure 10—Speed curves of letters written by children, Nos. 105, 111, 123 and 117 written large, and Nos.-107, 125, 11 
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EXPERIMENTAL ANALYSIS OF FORMS OF 
REACTION MOVEMENT? 


RoBertT Day WILLIAMS, PH.D. 
Professor of Psychology and Education 
Pomona College 


The apparatus was designed to record not only reaction times but the 
total form of each reaction movement as well, i.e., the speed and pres- 
sure variations from before the warning signal to the end of the reaction 
movement. The purpose of the whole investigation was, therefore, to 
study the correlations between reaction time, form of movement and 
introspective consciousness, particularly the direction of attention. The 
analysis of the conditions determining “antagonistic reactions” was spec- 
ially emphasized. 

The results show, in general, definite and fairly constant correlation 
between variations in reaction time, reaction form, and the direction of 
the attention. Specifically, in the typical “motor” reaction there occurred, 
along with shorter times and the direction of the attention to the move- 
ment to be made, a gradual decrease in the pressure of the finger on 
the reaction key from the warning signal to the beginning of the final 
reaction to the stimulus, this final movement being a simple sharp rise 
of the finger from the key. In the typical “sensory” reaction there oc- 
curred, along with the longer times and the direction of the attention 
to the stimulus, a uniform or increased pressure from the warning signal 
on, terminating in a final reaction movement of antagonistic form in 
response to the stimulus, i.e., a downward pressure of the finger before 
it was lifted from the key. The average correction in the reaction move- 
ment made necessary by this antagonistic phase was 30 g. 

Types of reactors also appeared, the differences in type involving the 
reaction time, the attention and the form of reaction movement. 


I. HISTORICAL 


The investigation here reported was essentially an experi- 
imental study of forms of reaction movements graphically re- 
corded. In particular, the aim was to discover what correlations, 
if any, arise in practice series between reaction form and reaction 
time, or between form and the direction of attention. Since the 


1A condensation of a thesis submitted in partial fulfilment of the re- 


quirements of the degree of Doctor of Philosophy in Yale University, 
in May, 1900. 
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so-called antagonistic reaction is intimately involved in these 
questions special study was given to it. 

The importance of the study of forms of reaction movements 
as distinguished from the mere investigation of reaction times 
and their introspective accompaniments was first brought prom- 
inently to light by Smith (5) in 1903. He had noticed in earlier 
reaction work that a reactor, in responding to the stimulus, does 
not always lift his finger immediately from the key on hearing 
the stimulus, but often presses down before making the final 
upward movement, This type of reaction Smith called “antag- 
onistic reaction movement.” | 

In order to obtain graphic records of such a movement, Smith 
used a piece of stiff rubber tubing. Making one end air tight 
he connected the other with a recording tambour by a rubber 
tube. The reactor placed his finger on the stiff tubing and reacted 
by lifting the finger. The form of the reaction movement was 
thus recorded on the smoked paper of a kymograph. By means 
of a time line from a 100 v.d. tuning fork the time between the 
giving of the stimulus and the beginning of any movement, 
as well as that between the giving of the stimulus and the be- 
ginning of the final upward movement could be determined, 
the difference between them showing the time added to the re- 
action by the antagonistic movement. 

Smith reports the results from 33 subjects, 25 men and 
8 women. Of these subjects he found 5 fairly constant 
antagonistic reactors, while 5 were intermittent in this type of 
reaction. Eighteen of the subjects gave no sign of the antagon- 
istic movement. The remaining 5 were difficult of interpretation. 

The average reaction time, i.e., to the beginning of the final 
upward movement, for sensory reactions for 3 antagonistic sub- 
jects was 2000, 1700, and 1800, respectively. Corrected to 
the beginning of movement, these same subjects gave 180s, 
1400, and 1400. The antagonistic portions of the reactions were, 
therefore, 200, 300, and 400. One result of this investigation 
was, certainly, to show the obvious value of the study of the 
form of movement in reaction experiments, and this can be 
done only by the graphic method of recording. The importance 
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of this general result is emphasized by a further fact, namely, 
that the form of reaction may change during the course of an 
experiment, for Smith found that the antagonistic reaction does 
not always appear at the beginning of the series. It may not 
appear until several series have been taken. 

Smith then carried on some extended experiments in order to 
determine the cause of the antagonistic reaction. He tried 
first the sensorial-muscular distinction in attention, He found 
that the antagonistic movement occurred in both forms of reac- 
tion, but that it was more frequent in the motor type. Experi- 
ments on the influence of distraction and fatigue on the antagon- 
istic reaction gave no univocal results. Reactions were also taken 
with different sets of muscles, with different positions of the 
arm, and with different fingers. The antagonistic reaction move- 
ment remained under all conditions. Smith says (p. 57): “In 
every direction of movement, up or down, to the right or left, 
there were observed preliminary movements in the direction op- 
posite to that intended by the reagent. The movements are not 
equal in both cases, but the curves of both persons experimented 
upon show the phenomenon unmistakably.” It was not due, 
then, to any special set of muscles or to any position of those 
muscles. 

Smith presents an explanation for the antagonistic movement 
both from the physiological and from the psychophysical stand- 
points. Physiologically, he bases his explanation on the now 
well known work of Sherrington, in which it is shown “that 
when one of the pair of antagonistic muscles is innervated, there 
is a simultaneous inhibition of the muscles opposed to it.” 
With this cue, Smith reasons that the muscles already innervated 
would tend to persist in their activity after the stimulus and 
before the subsequent inhibition occurs. From the psychophysical 
standpoint he states that in the period preceding the occurrence 
of the stimulus the most prominent idea in the mind of the re- 
actor is that of holding the finger down on the key. The stimulus 
comes as a kind of shock. This shock tends, he thinks, to 
emphasize the idea already in consciousness in the instant pre- 
ceding the voluntary decision to lift the finger. He mentions cer- 
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tain cases of patients suffering from general paralysis in which he 
has noticed this preliminary tightening of the muscles before 
the final action. 

Smith suggests a number of problems for future work, largely 
along the line of a more definite training of the subjects under 
different experimental conditions, particularly those of attention. 

Other references to Smith’s antagonistic reaction which I 
have been able to find outside the work on reaction movements. 
done in the Yale laboratory are by Titchener (6, 352-355) and 
by Franz (2). Titchener, reviewing Smith’s work and that of 
the Yale laboratory, suggests further problems which need to 
be worked out in connection with the antagonistic movement, 
e.g., the effects of practice, of definite instruction, of introspec- 
tive control. He favors a priori the view that the antagonistic 
form of reaction will appear more often in the motor reactions, 
and states that he has tried some experiments with the press 
reaction, but that no antagonistic movement was found, The 
experiments were, however, so few in number that no general 
conclusions can be drawn from them. Franz found that the 
reaction times of a depressed or retarded patient were longer 
than the normal and, much to his surprise, that simple reaction 
times increased without any change in choice reaction times. 
This change was so marked that in certain series the choice re- 
actions were shorter than the simple. Since there was no evidence 
that the subject had changed the character of his attention in the 
simple reactions, or that fatigue played any part, Franz believed 
that he might be dealing with the antagonistic reaction movement. 
Smith had already stated that he had noted preliminary con- 
tractions in partially paralytic patients. [Iranz made no attempt 
in his investigation to determine this point. 

In 1905 Judd, McAllister and Steele (3) published an inves- 
tigation on the character of reaction movements. Graphic rec- 
ords of both simple and discrimination reactions were taken from 
51 subjects—a tctal of 964 records of simple reactions and 523 
of discrimination reactions. A special apparatus was con- 
structed, consisting of a reaction key attached to one end of a 
metal spring in such a way that when the spring was depressed 
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the reaction circuit was made; when the spring was_ released 
the circuit was broken (pp. 143, 144). A lever attached to the 
spring near the key recorded every change in pressure directly 
on a long strip of smoked paper. ‘Times were taken with a 
Hipp chronoscope. 

These authors were interested not only in the nature of the re- 
action movement subsequent to the giving of the stimulus and 
terminating in a lifting of the finger, but also in the 
movements made in the period between the warning signal and 
the stimulus. They show drawings of many forms of movement, 
all more or less complicated, which lead to the conclusion that 
there is “no such thing as a simple reaction movement.” All 
these records show, too, complex forms of adjustment in the 
period before the stimulus which determine the character of the 
final movement. For purposes of analysis the total reaction 
period was divided into that before the warning, that imme- 
diately following the warning, that just before the stimulus, and 
the final movement. An analysis of all the records yields three 
main types of reaction (pp. 166, 167): 

1. “The balanced type,” a balancing of the antagonistic mus- 
cles shown by waves in the record. 

2. “The antagonistic type,’ in which the pressure gradually 
increases in the period before the stimulus or suddenly increases 
directly after the stimulus. 

3. “The partial reaction type,’ in which the tendency to 
react overpowers the antagonistic tendency, resulting in a partial 
reaction before the stimulus. 

The authors believe, therefore, that their results support the 
theory of reaction types, if by types is meant “individual ten- 
dencies even in untrained subjects to adopt a particular mode of 
reaction” (p. 179). The form of reaction was found to change, 
however, with a change in the “character of the task required” 
(p. 173) and it was clear that introspective evidence of the char- 
acter of movement was not to be relied on (p. 180). 

Concerning the relation between form of movement and re- 
action time (pp. 169 ff.), it was found that a gradual antagonistic 
pressure in the period preceding the stimulus was advantageous 
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for quick reaction, The sudden antagonistic reactions were, 
however, cases of excessive effort which, properly applied, 
meant speed but often, improperly applied, interfered with speed. 


The sudden antagonistic movement did not, therefore, as regu- 


larly promote speed as did the gradual. So far as the relation 
between form of movement and consciousness is concerned, the 
gradual increase in pressure “would indicate a growing em- 
phasis in consciousness of the necessity of holding the hand 
down until the stimulus arrived” (p. 181), while the sudden 
antagonistic movement at the end seemed to be a matter of 
nerve mechanism rather than the result of a conscious process 
(p. 182). 

Finally, as problems for future work, are suggested the train- 
ing of subjects in a “particular mode of reaction” and the study 
of the development of habits of movement (p. 177). 


Il. APPARATUS AND METHOD 


The present investigation takes up the study of the form of 
reaction movements where the authors last mentioned left it and 
has, in general, a fourfold purpose: following their suggestions, 
five untrained subjects were, without special instructions, carried 
through a long series of reactions to see, first, if they would 
develop definite forms of movement; second, if during such a 
practice series a change in the form of movement would accom- 
pany the reduction of the reaction times and mean variations. 
The results of two of these reactors, reported in the original 
thesis, are omitted for lack of space. They agree with the re- 
sults of the three reactors here reported. Five other subjects 
were trained to keep their attention on the stimulus or on the 
movement to see, third, if any differences in the form of the 
reaction movement accompanied the differences in the direction 
of the attention. The results of two of these subjects are 
omitted because of the small number of reactions that could be 
obtained from them. In their few series there appeared no dif- 
ferences in the form of reaction movement correlative to the 
differences in the direction cf the attention. In all, then, the 
work of six subjects is reported in this article. Fourthly, special 
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attention was paid throughout the investigation to the antagon- 
istic form of reaction first described by Smith (5), in order to | 
determine if possible the conditions that occasion it. | 

Graphic records were taken of all the reactions, The form of  « 
reaction apparatus was the same as that used by Judd, McAllister 
and Steele (3), a full description of which, together with a-dis- ‘a 
cussion of its possibilities and advantages, will be found in their & 
article (pp. 143-145). 

Some modifications in the method of recording the changes in : 
pressure were, however, introduced. Fig. 1 shows these in side 


q 

LALLA LLL LLL LL 

view. A thread, S, was fastened to the reaction key, M, carried . 
up over a small pully wheel, P, and down to the end of a light § 
bamboo rod, 12 cm. long. This rod, T’, was securely fas- 1g 
tened to a brass red, G, which passed through a hole in the brass 4 
block, R. On the other end of the rod, G, was attached a bamboo if : 
rod, 36 cm. long, T, which extended to the vertical recording y q 
drum and carried at its extremity a steel point which registered a 


the changes in pressure on the smoked paper. These two rods, 
T and T’, thus formed an enlarging lever by means of which the 
changes in pressure on the key, M, and spring, I, were recorded 
directly, enlarged three times, on the moving paper, Because of 
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the thread and pulley, there was no reversal of movement as was 
the case with the simple lever used in the earlier form of the 


_ apparatus. The brass block, R, was mounted on a rod which 


could be raised or lowered in the metal base, D, by means of the 
collar, X. By means of the screw, C, the amount of pressure of 
the pointer upon the paper could be regulated. This screw also 
permitted the pointer to be drawn back slightly from the paper 
to allow smoking and shellacking. | 

The records made with this form of apparatus differ materially 
from those taken with the earlier form, as well as from those of 
Smith, taken with a tambour. The advantage of the lever record 
over the tambour record is that with the lever the length of move- 
ment recorded corresponds directly to the amount of movement 
made. The advantage of this particular type of lever record over 
the earlier type is that, since the movement is not reversed, the 
form of movement can be more readily interpreted from the form 
of the curve. 

As in the earlier work, strips of smoked paper about fifty feet 
long were used. The method of shellacking was also the same. 
It seemed best, however, to have the paper move at a uniform 
rate so that the changes in muscular movement occurring during 
the reaction could be compared by simple inspection of the curve 
rather than by constant reference to the time line. To attain 
uniform rate of mcvement the drums were driven by an electric 
motor, The motor was attached to the drum farthest from the 
reaction key and the proper speed was obtained by means of 
direct reduction through a worm gear. To do away as much as 
possible with the noise connected with such an arrangement, 
the motor was mounted on several thicknesses of rubber matting, 
then wrapped in many layers of thick cloth and placed in the 
center of a large box. This box was filled to the top with cotton 
waste and the whole securely covered. The residual noise of the 
motor, although slight, undoubtedly had, however, some dis- 
tracting eect. This appeared most at the beginning of each 
series. Such a distraction was overcome in part by having the 
subject react a few times before the recorded series was begun. 
To any remaining distraction from the motor the subject doubt- 
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less became so well adapted that it could be considered a con- 
stant in the experiment. This was indicated by some later ex- 
periments in which the drums were turned by hand. The reactor 
was so much distracted by the lack of noise that it became 
necessary to start the motor whether it was used to turn the 
drums or not. 
Figs. 2 and 3 show in diagrammatic form the entire apparatus 
and the wiring. The reaction circuit is shown in Fig. 2. The 


Fig. 2. 


Apparatus and Connections of a Reaction Cirevit. 


current passes from battery B1, through the 100 v.d. Koenig 
fork, T, to one of the break poles, 5, of the make and 
break key, K. In the normal position of the key the current 
passes across the contact, Y, to the post, 4, and so back to the 
battery, Bi. This circuit keeps the fork in constant vibration 
when it is not in use in the reaction circuit. If the contact is 
broken at Y in the key, K, the current then passes from the bat- 
tery, B1, through the fork, T, to post 5 of key K. Being unable 
to cross at Y, it takes the longer circuit to the electric hammer, 
H, through which it passes when the contact, E, is made. From 
the hammer the current passes through the Ewald chronoscope, 
C, to the reaction key, R. At R it crosses the contact, V, when 
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this contact is made by the reactor, to the marker, M, and back 
to post 4, from which point it returns to the battery, Br. 

The same movement which breaks the contact, Y, on key 
K, makes an instant later the contact at X. This allows the 
current from battery, B3, to pass from the make pole, 6, across 
X to the make pole, 3, through the magnets, L, of the electric 
hammer, H, and back to the battery, B3. When L becomes a 
magnet, the hammer is pulled down, giving the sound for the 
stimulus and completing the reaction circuit at KE. The pressing 
of key K, then, gives the stimulus for the reaction and also com- 
pletes the reaction circuit, starting the chronoscope and marker. 
Upon hearing the stimulus the reactor breaks the circuit at V, 
stopping the chronoscope and marker, after which the operator 
releases the key, K, allowing the fork to be run once more by 
means of the shorter circuit. 

The tracing of a continuous time line, a procedure employed by 
Judd, McAllister and Steele, was not entirely satisfactory, since 
the marker fastened to the end of the pressure pointer made the 
latter heavy and unwieldy. The spark method advocated by 
Bliss (1) was also found unsatisfactory by these investigators. 
Both were therefore discarded in this investigation, Two con- 
siderations caused us, furthermore, to abandon the use of the 
Hipp chronoscope, utilized in the earlier investigation. In the first 
place, the object of the investigation would be fulfilled as well 
by a time reading which is accurate to hundredths of a second. 
In the second place, the use of the Hipp chronoscope made neces- 
sary the presence of a second operator. The above method kept 
the whole procedure under the control of a single operator. 

By broken or interrupted time line, the type used in this work, 
is meant one in which the time is not recorded continuously, but 
in which the time record is started By the operator in giving the 
stimulus and stopped by the reactor in breaking the contact at the 
reaction key. The time thus recorded by the marker is the 
reaction time. This method does away with the necessity for 
one or more additional markers with the consequent error in- 
volved in dropping perpendiculars to the time line and in com- 
paring corresponding points on the lines traced by the different 
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markers. It also furnishes a convenient means of determining 
the point at which the stimulus is given and the point at which 
the circuit is broken by the reactor. While the marker recorded 
hundredths of seconds on the smoked paper, the time necessary 
to count these records was saved by the introduction of the Ewald 
chronoscope. The chronoscope and marker records were com- 
pared from time to time to make sure of their agreement. 

A warning signal was used, consisting of the click of a tele- 
phone. A diagram of the warning circuit appears in Fig. 3. 


Qs 


Fig. 3. 
Diagram of Apparatus and Connections in the Warning Cirevit. 


From the battery, B4, the current passes through the outer con- 
nections of a Kronecker Interrupter, S, set by comparison with the 
100 v. d. fork to vibrate at the uniform rate of ten vibrations 
per second. This current passes normally through the marker, 
N, to the post, 9, on key O, through this key to the post, 7, and 
so back to the battery, Bg. The warning signal is given by 
making the connection at Z on the key, O, the same movement 
breaking, an instant before, the connection at E. The current 
then proceeds from post 9 across the connection, Z, to post 8, 
through the telephone, K, to post 7 and so back to the battery. 
When the telephone gives the warning the marker stops re- 
cording tenths of seconds. When the telephone stops, the marker 
starts again. In this way a record is obtained of the beginning 
and the end of the warning signal. It seemed best to have the 
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length of the following interval (that between warning signal 
and stimulus) controlled by the operator rather than by a 
mechanical device giving a constant interval, since the reactor 
would soon become accustomed to the latter and react at the 
end of it without reference to the stimulus. The interval varied 
from one and one-half to two and one-half seconds, with an 
average of two and one-tenth seconds. 

The subject was seated with the forefinger of the right hand 
on the reaction key, the hand and arm unsupported, A large 
curtain was hung between the apparatus and the reactor. This 
curtain did not interfere with the movements of the reactor, and 
at the same time completely concealed from him the movements 
of the paper and pressure pointer and the operations of the ex- 
perimenter. In this way a large amount of distraction was 
avoided. 

The procedure was as follows: The reactor pressed down the 
reaction key until the pointer rested at the proper place on the 
smoked paper. The operator then said “ready” and started the 
electric motor. After about one-half second the warning signal 
was sounded and after an interval varying from one and one- 
half seconds to two and one-half seconds the stimulus to react 
was given. As soon as the reactor had broken the circuit the 
motor was stopped, the chronoscope time read and recorded on 
the smoked paper by the operator while the reactor recorded his 
introspections in writing. ‘Twenty reactions were taken at one 
sitting. This seldom resulted in fatiguing the reactor. Ona few 
occasions two series of twenty reactions were taken with an 
interval of about fifteen minutes between. 

Special care was taken with the instructions given the reactors, 
1.e., aS to the direction of their attention and the nature of the 
introspections they were to record. These instructions will be 
considered in the discussion of the results of the individual 
reactors. None of the reactors except myself knew anything in 
regard to his reaction time or the character of his curves until 
the investigation was completed. In the case of my own records 
I knew my reaction times but did not know the character of 
my curves. 
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Typical records are given in diagrammatic form much reduced 
in Figs. 4 and 5. Fig. 4 shows a reaction of the gradual type, 


fig. 4 
A dagram of a typcal reaction of the gradval type. 
f= Time tne = Pont at which the shmulus was gren Pout at which crtut was broken 
Be Pressure curve. F = Pont at winch the reacten eceure Pont at which moyemeat began. 
C= Warning hae » Reachon time £-WN = Corrected time. 
X= Beginnng of warming Y-H = Warmng wtervar defiaite change in the drection 
Y= End of warning Polat on pressure curve corresponding E. of pressure due fo the warming signal. 
| 
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Fig. 5 
chagram of a typreal reachon showing the antagonistic form 
The pressure poter 1s represented a8 10mm. in advance of the other punters. 
Ae Time line. E Pont at which the stemvlos was gran. The point om the pressure curve corresponding te E. 
B- Pressure curve. F Pout at which the reactan eccurred. F's The point on the pressure curve where the circuit was broken 
C+ Warning line. E-F = Reaction time W's Point at which the antagonistic reachon began. 
X= Begunning of warning. Warning interval N= Pont on time hne corresponding to 
YeEnd of warning Y= M special wane due to warning. E-N = Corrected tume for the beginning of movement. 


to be explained later; Fig. 5, a reaction of the antagonistic type. 
In both figures A represents the time line, B the pressure 
curve and C the warning line. The two time lines, A and C, 
were placed one at the top, the other at the bottom, to serve 
as guide lines in reading the changes in pressure. Point E on 
the time line, A, represents the instant at which the stimulus 
was given and point F, that at which the reaction occurred. The 
distance between these two points, E-F, is the reaction time in- 
dicated in hundredths of seconds. Point X on the warning line, 
C, marks the beginning of the warning signal and point Y its 
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end. The two markers tracing the lines A and C were placed in 
line with each other. By dropping a perpendicular from the 
point, E, to the line, C, at H, the length of the warning interval 
—the time between the end of the warning signal and the stimu- 
lus—could be measured by counting the number of tenths of 
seconds between Y and H. In all tables the “warning time” 
refers to this interval. The warning signal itself lasted on an 
average three-tenths of a second. With the reaction key de- 
pressed, the pressure curve was traced between the two time 
lines. In order not to strike the time markers in its excursions, 
the pressure pointer was given a position not vertically in line 
with them, but horizontally slightly removed. In any one series 
of records this displacement which, of course, had to be allowed 
for in reading the curves, remained constant. 

Since the pressure pointer did not, however, describe a line 
perpendicular to the two time lines, but an arc of a circle, and 
since the relation of this arc to the time lines was not con- 
stant throughout the investigation, it was necessary to devise 
an instrument for measuring at any time the horizontal dis- 
placement of the marker for any point of its arc, This is shown 
in Fig. 6. Two accurate steel rules, A and B, were fastened 
parallel to each other with an intervening space of 25 mm. by 
riveting them to two brass plates, P and P’. P’ is shown only 


by broken lines in the figure. Two other brass plates, one of 


which is shown at R, were grooved so that when screwed 
together over the rules they. would slide back and forth with 
considerable friction. The face, OM, was made straight and per- 
pendicular to the rules. Upon the brass plate, P’, was riveted 
a narrow tongue of steel, G. In the strip of brass, U, was cut 
a long slot, ZZ’, to fit this tongue. U could then be slid up or 
down in a direction perpendicular to the rules and fastened in 
any desired position by the screw, S. The edge, TT’, of U was 
straight and perpendicular to the rules, while the edge, XY, was 
made to correspond exactly with the arc described on the smoked 
paper by the pressure pointer. 

At the beginning of each series of reactions a record was 
taken of the horizontal displacement of the arc of the pressure 
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The Measuring Apparatue. 
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pointer from the time markers by starting the latter and moving 
the pointer up and down while the paper remained sta- 
tionary. A record of this sort is shown in Fig. 7. To set the 
measuring instrument properly the upper edge of the rule, A, 
was squared with the line A (Fig. 7). The brass strip, U, was 
moved up and down until the curved face, XY, exactly coin- 
cided with the curve, XX’ (Fig. 7). The brass plate, R, was 
then moved towards U until the edge, OM, cut the marks, Y 
and Z (Fig. 7). The horizontal distance between OM and a 
given point on XY (Fig. 6) then represented the difference be- 
tween the positions of time markers and the position of the 
same point on the arc of the pressure pointer. Recurring now 
to Fig. 4, with the instrument thus set, we may easily see its use 
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in reading records. If the upper edge of the rule, A, is squared 
with the line, A (Fig. 4), in such a way that the edge, OM 
passes through the point, F, where the circuit was broken, the 
edge, XY, then represents the arc at some point of which the 
pressure pointer lay when the circuit was broken. This point is 
shown at F’. Recurring to Fig. 5, it will be seen that a similar 
procedure would enable one to mark on the time line the exact 
point, N, at which the movement began in an antagonistic reac- 


Z 
Fig. 7 
4 Diagram showing how to set the Measuring Apparatus. 
A= Time line. Bz Pressure Curve. 
C = Warning line. Y= Record taken at same time with time marker. 
XX's described by pressure marker. Similar record taken with warning marker, 


tion. Here, of course, the arc, XY, of the instrument is first 
brought to the point on the pressure curve, N’, where the move- 
ment began; the straight edge, OM, would then cross the time 
line at the synchronous point. : By the same procedures points E 
and EF’ (Figs. 4 and 5) may be determined. 

Smith (5) encountered difficulties just here. “In analysing 
and measuring the curves,” he says, “it has been assumed that 
the apex of the antagonistic curve corresponds to the point of 
time at which the contact of the electric key is broken in react- 
ing by the chronoscopic method. This assumption is perhaps 
not entirely correct, but if the apex be not chosen it would be 
difficult to find any other point on the descending curve which 
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can be more certainly and accurately determined” (p. 51). It 
may be readily seen that by the use of the broken time line and 
some such measuring device as that described, the point on the 
pressure curve at which the circuit was broken can be accurately 
determined in any form of reaction. 

Such a device does not, however, do away with the difficulty of 
determining the exact point at which the reaction movement 
itself began since, as Smith also noted, the reaction (pressure) 
curve often shows undulations before the real response to the 
stimulus begins. This difficulty will be seen more fully when 
we come to describe the different types of curves. It would, 
however, certainly be less with the spring type of reaction key 
than with the tambour, or rubber tube used by Smith since, in 
records taken with a tambour the inequalities are always some- 
what softened, becoming gradual and rounded. In the spring 
type a sudden change in the direction or amount of pressure is 
indicated by a sharper change in the direction of the pressure 
curve, 

Further trouble arose, however, here. When the measuring 
instrument just described was applied to the curves it was found 
that the point at which the circuit was broken did not corre- 
spond to the point at which the reaction movement began, even 
in the cases of a simple, quick, upward movement by the reactor, 
1.e., in reactions where there were no complicating preliminary 
undulations, or antagonistic movement before the upward 
release. 

Figure 4 shows the amount of this error in a reaction of a 
more gradual type. The point F’ on the pressure curve repre- 
sents the point at which the circuit was broken, stopping the time 
line. This point can be seen to be some distance up the curve. 
N’ represents the point where the upward reaction movement 
began. If we make the necessary correction backward to the 
time line at N, we see that in this particular reaction it would 
be necessary to subtract nearly one-third of the chronoscope 
time to find the time at which the reaction really began. This 
error, due to the fact that the large spring was really faster, in 
our experiments, than the beginning of any upward movement of 


4 
t 
f 
t 
as 
‘ 
i 
\ 


72 ROBERT DAY WILLIAMS 


any reactor, so that the spring followed the finger up for a short 
distance before the movement became rapid enough to break 
the circuit, necessitated a correction in all the reaction times. 
That the error was due to the large spring and not to the small 
spring fastened to the key itself was determined as follows: 
the large spring was clamped rigidly in position and a series of 
reactions taken with the small spring alone; the point at which 
the circuit was broken then corresponded exactly to the point at 
which the upward movement of the key began. Experiments 
were also tried which proved that the error was not due to the 
latent time of any other piece of apparatus in the reaction 
circuit. 

This error was not a constant one, but varied directly with the 
rate of movement; the faster the upward movement the less the 
error. Since this gave a means of determining the speed of 
the final movement more quickly and accurately than would be 
possible from an inspection of the curves themselves, the error 
proved rather an advantage than a detriment. In the case of the 
more marked antagonistic reactions, the error did not appear; 
that is, the chronoscope time corresponded to the beginning of the 
upward movement of the pressure marker after the sharp down- 


-ward movement, This was undoubtedly due to the sharp down- 


ward push to the spring before the finger was removed, the 
inertia thus given the spring allowing the finger to start upward 
and the small spring to break the circuit at the same instant that 
the large spring started upward. In a few cases of a very 
marked antagonistic reaction, the spring continued its down- 
ward course even after the circuit was broken. 

More than twenty-seven hundred graphic records were taken 
in the course of the investigation. These records have been 


treated quantitatively and qualitatively ; quantitatively as to the 


reaction times, qualitatively as to the character of the movements. 
The quantitative tables (see, as typical, Table III, p. 89) show 
three sets of times. The column marked “Chronoscope,” 
includes the averages of the total reaction times (from the giving 
of the stimulus to the breaking of the circuit) as recorded by 
chronoscope and marker. The column marked “Cor- 
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rected,’ includes the averages of the actual reaction times, or 
the times elapsing between the giving of the stimulus and the 
beginning of a sharp upward reaction movement. The final 
column of times, marked “Movement Began,” records the aver- 
ages of the times as corrected for the antagonistic movements. 
It includes also a few corrections made for gradual reaction 
movements and for the double type of reaction. This time, then, 
represents that elapsing between the giving of the stimulus and the 
beginning of any 1eaction movement, whether in an upward or 
downward direction. The tables also include the average warn- 
ing time. 

The quantitative results have been treated in this elaborate way 
in order to make possible a careful comparison between form of 
movement and reaction time. The custom observed by many 
experimenters of omitting from the average the first two reactions 
and any others which appeared to the reactor to be abnormal has 
not been followed. The character of the movement in such 
so-called abnormal reactions is of as much interest in an investi- 
gation of this sort as the character of the normal reactions. Only 
those times have been omitted from the average which were 
incorrect because of an error in procedure or because of extreme 
distraction of the reactor. Our inclusions have, of course, in- 
creased the averages and mean variations in the tables presented. 
The mean variations appearing in the column “Movement Began” 
are, furthermore, of little value for comparison with the work of 
other investigators since they are increased by the presence of the 
antagonistic form of movement. Where times and variations are 
referred to in the later discussion, “corrected” times are meant. 

To make the reading and classification of the pressure curves 
possible, the record for each reaction was mounted on a separate 
sheet of paper. These sheets were twice the width of the records 
to give space at the side for notes. Mounted in this way, the 
records could be spread out for a quick general survey of the 
whole series. They could also be taken out of their order and 
grouped and classified according to their characteristics. 

For the purpose of analyzing the form of movements, the reac- 
tion period was divided into five parts: the period before the 
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warning signal, the period during the warning signal, the period 
from the warning signal to within about four-tenths of a second 
of the giving of the stimulus, the period from within about four- 
tenths of a second of the giving of the stimulus to the beginning 
of the reaction movement, and, lastly, the reaction movement 
itself. The first four parts of the reaction period were classified 
as to the direction and general “character” of the pressure. The 
final reaction movements themselves were classified according 
to the type of movement made. The tables summarizing the 
results (see, as typical, Table II, p. 77) include a key which 
describes the various “characters” of the movements treated. 
The number appearing at the top of a given vertical column of 
the table indicates the number of the series. A number appearing 
in the column itself indicates that that particular series manifested 
that number of times the characteristic stated in the key at the 
left end of the horizontal line on which the number stands. Thus, 
the number appearing in Table II, vertical column No. 1, opposite 
the rubric “no change at warning,” indicates that in 5 cases in 
series I there was no change in the form or character of the 
pressure at the warning signal. Following along and horizontal 
line in the summary tables, from series I, one can trace the 
change or development, in a given pressure characteristic, through 
all the succeeding series. Comparing these qualitative summary 
tables with those showing the average reaction times for the 
same series, a quick judgment can be made of the relation between 
the form of movement and the length of the reaction time. The 
totals for all series are given in the column at the right side of 
each qualitative table. Each table also contains at the bottom a 
statement of the number of reactions considered in each series 
separately, and in all series together. 


III. DETAILED DISCUSSION OF REACTORS AND 
REACTIONS 


REAcTorR M. 


Reactor M. was a graduate student in Yale University. He 
was not distracted by the apparatus even at the outset of the 
experiment and was able to keep his mind well upon the work 
in hand—facts observed not only by the operator but brought 
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out clearly by the introspections. No instructions were given 
M. at the outset either as to the direction of attention or as to 
‘the rapidity of reaction. He was told to remove his finger from 
the key on hearing the stimulus. At the top of the first sheet 
used by reactor M. for introspections the operator wrote: “After 
each reaction introspect carefully any points which seem to you 
of importance in understanding the reaction.” Nothing was 
said during M.’s series in regard to the introspections. 

The arm movement made by M. in reacting during the differ- 
ent series was carefully watched. It was always the same—a 
quick upward jerk of the forearm from the elbow. In this 
movement neither shoulder nor wrist played any appreciable 
part, and hand and fingers acted practically as one. 

Thirteen series, comprising 259 reactions were secured from 
M. without further instructions or knowledge of results. These 
reactions covered a period of six weeks. Eight of the thirteen 
series were taken in two consecutive weeks. In only one case, 
series II and III, was there more than one series taken in a day. 
In this case, series III showed such longer times and greater va- 
riations than the normal that the attempt was not repeated. Since 
M. (Table I) gave practically no antagonistic reactions (only 7 
in all, and these of rather doubtful character), only one correc- 
tion therefor was made in the time. The column marked “Cor- 
rected” corresponds, therefore, also to the time of the beginning 
of movement. These corrected times are incredibly fast. The 
reason, which will presently be discussed (see p. 83) can be 
understood only by reference to the character of the reaction 
movement. 

An inspection of Table I does not show a regular decrease in 
the average times and mean variations due to practice, the longest 
times occurring to series I (g2c), III (96c), XIII (810). Series 
III was the second series of twenty reactions taken in one after- 
noon. Series II, taken just before it, shows both a markedly 
smaller reaction time and a small mean variation. Series XIII 
was taken when M. was tired from examinations and lack of 
sleep. From series III through series IX the average time was 
gradually shortened from 780 to 53¢. Series X and XI have 
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TABLE I.—Summary of average times and mean variations. Reactor M. 
Chronoscope Corrected 
Warn- 
ing time Time Time 
No. of Series seconds| sigmas Var. sigmas Var, 
2.3 122 13 92 13 
2.0 100.5 10.5 78. 13.9 
2.3 108 17.2 72.6 22.7 
Gh 2.0 104.5 13.5 67.8 20.2 
1.9 99.1 15.3 64.4 13 
2.0 97.3 13.3 67.6 13.7 
2.1 88.5 10.6 53-2 15.6 
2.2 99.7 16.2 67.4 25.2 
2.2 99.4 16.8 52.2 28.9 
2.2 8.3 81.7 9.7 
| 22 | 105 | 13.07 | 7090 | 17.2 


somewhat longer times. The time of series XII, taken when the 
reactor was in a hurry to catch a train, is the shortest of all the 
series, 520. M. stated at the end of this series that he thought 
this had not affected his times. It is apparent that the averages in 
these faster series are reached at the sacrifice of regularity. This is 
shown by a comparison of the mean variations. Series XII, with 
the shortest average corrected time (520), has the largest mean 
variation, 28.9. In series XIII, in which the reactor was tired 
and in which the average time is long (810) the mean variation 
drops as low as 9.7. Of the rest of the series, the same type of 
difference appears, generally, between the series giving high and 
those giving low reaction times. 

Turning to an account of the form of the reaction movement 
made by M. (Table II), we find that he was a very steady re- 
actor. The pressure curves, though showing marked changes 
in direction at the critical points, are very regular in appearance 
and quite free from minor inequalities, such as waviness. In 
detail, the following characteristics emerge from M.’s 259 re- 
actions: in the period preceding the warning signal there were 
150/259 cases of steady pressure (level line), 72/259 cases of 
increase in pressure (falling line), 31/259 cases of decrease in 
pressure (rising line) and practically no unsteadiness (wavy 
line, 6/259 cases). In the majority of cases, then, the character- 
istic line in this period was steadily level. 
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The warning signal produced a change in the direction of the 
curve in 192/259 cases, the steady line altering into a gradual 
rise, which indicates a gradual decrease in pressure. From the 
warning signal on through the next second and a half the cases 
are about equally divided between an even pressure (132/259 
cases) and a slight or medium decrease in pressure (113/259 
cases). There were few cases either of a marked decrease in 
pressure during this interval (3/259 cases) or of a marked in- 
crease (7/259 cases). 

In the period covered by the last one third to one half second 
before the final reaction movement! the most marked character- 
istic is a decrease in pressure (146/259 cases). These cases 
are about evenly divided between a slight rise (61/259 cases) 
and a medium rise (58/259 cases) towards the end,’ except for 
27/259 cases of a very marked rise. In 83/259 cases an even 
pressure is maintained towards the end. The proportions have 
changed, however, since the period before, where steady pressure 
predominated. There are almost no cases of increased pressure 
towards the end (7/259 cases), and a few of unsteadiness, 
(27/259 cases). 

The final reaction movement itself was in almost every case 
(233/259) of the sharp simple type shown in Fig. 8, type A. 
The drawings of the curves in this and the later Figs. 11, 13 
and 16 are pantograph reproductions much reduced. The two 
arrows to the left, on the pressure curves, represent the beginning 
and the end of the warning signal; the two to the right represent 


the points at which the stimulus was given and the circuit broken, © 


respectively. Aside from these reactions of type A, Fig. 8, there 
are a few cases of the gradual type (13/259) shown in type B. 
These gradual reaction movements occur in the case of M. in the 
fast rather than in the very slow reactions, and an examination of 
the curve shows that the reaction was begun before the stimulus 
was given and then gradually completed. There are no true 


1 By “final reaction movement” is meant the reaction to the stimulus. The 
phrase “towards the end,” repeatedly occurring, refers to that part of 
the pressure curve just preceding the beginning of the “final reaction 
movement.” 
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Reactor M.—Pantograph reductions of pressure curves. The letters stand 
for the types as described in the text. The numbers under the letters repre- 
sent the reaction time. 
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antagonistic reactions, although 7/259 cases have the antagonis- 
tic appearance. Four of these are shown in types I, J, K, and L 
and will be explained presently. There are five reactions of 
the double kind shown in types F, G, and H. 

The curves give, as a whole, clear evidence that reactor M. 
exhibited a definite type of reaction movement in these series. 
Furthermore, M.’s type of movement appeared naturally, without 
any instructions and without his knowing anything about the 
form of movement he was making. The uniform type of the 
final reaction movement, which appeared in all but 26 of the 259 
cases, is itself a most striking fact. Can we explain the definite 
characteristics of M.’s form of movement in any way, or relate 
them to the reaction times? Is there, further, a definite develop- 
ment of this form of movement during the series, that is, are 


the characteristics shown in the summary more marked in the 
later than in the earlier series? 


ya A careful study of Table II does not show any such develop- 
m 


ent through practice; there appears no steady or regular in- 
crease or decrease in the number of any of the characteristic 
parts|of the pressure curve during the various series. A similar 
fact was also found for M.’s reaction times. A definite relation 
between form of movement and reaction time appears at the 
outset and is maintained quite constantly throughout all the 
series. Comparisons of earlier with later series will make this 
clear. In series II, with a short average time, there were 12 
cases of a rise after the warning. In series I and III, with longer 
average times, only 5 and 3 such cases respectively appear. In 
the period just before the final reaction similar relationships 
occur. In the last series, XIII, which shows long times, there 
are no cases of a marked rise preceding the final movement. 
Series XII, moreover, with a much shorter average time, has 9 
cases of a marked rise at this point. This relation between the 
time and the character of the movement towards the end of the 
pressure curve is shown by the curve plotted in Fig. 9. Here the 
upper curve, A, represents the changes in corrected time through 
the series plotted in sigmas, while the lower curve, B, represents 
the number of rises towards the end, just preceding the final 


ys . 
a 
} 
4 
bi 
4 
fig 
> 
. 
— 
q 
as. 
3 
~ 
' 
— 
— 
ong 
— 
: 
othe. 


ANALYSIS OF FORMS OF REACTION MOVEMENT 81 


Reactor M.—Showing the relation between the number of rises in pressure 
curves towards the end of the records and the length of the reaction time. 
Curve A. represents the reaction times through the series. Curve B. repre- 
sents the frequency of the rises “towards the end.” 
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reaction movement. In almost every case it can be seen that as 
the time curve rises, the curve showing the number of rises 
towards the end, drops. Where the time curve drops the curve 
showing the number of rises towards the end rises. 

If we compare the character of the movement in each reaction 
with the introspections we find that the sharper the rise in the 
line from the warning signal on to the end, the stronger the 
attention. M. stated that this stronger attention was always asso- 
ciated with a tense muscular preparation. This increase in 
preparation, with the corresponding decrease in pressure, was 
particularly evident just after the warning signal and towards the 
end of the reaction period. These rises towards the end show 
a strained kinesthetic expectation of the stimulus. The lower 
curve, then, in Fig. 9, represents the degree of expectancy or of 
anticipation of the coming stimulus. We can better understand 
these characteristic features of M.’s pressure curves if we express 
the facts in a somewhat different way. In the period before the 
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warning M. sat passively holding down the key with the muscles 
innervated only to the extent of accomplishing this purpose. The 
warning signal started a definite muscular preparation, shown by 
an increasing muscular strain not only in the muscles of the hand 
and arm but in those all over the body. This increasing strain 
was usually accompanied by a slight rise of the forearm. As the 
time for the expected stimulus approached, this upward movement 
became more marked and at last the reaction tock place unless it 
was checked by a voluntary effort on the part of the reactor. 

This muscular preparation, if partially controlled, may give 
rise to wavy lines as in type E, Fig. 8. It may complete itself by 
a medium or marked rise towards the end, as in D and B. 
It may go so far as partially to begin the reaction move- 
ment before the stimulus occurs, a fact then realized by the 
reactor and checked in time to allow for a second reaction 
when the stimulus comes (reactions of the “double type’), 
as in F, G and H. In H, it can be seen that even a second 
reaction had begun before the stimulus was given. If we 
compare these types with the introspections we find for type F: 
“Started before stimulus.” For G: “Slow. Attempted to react 
too soon. Warning period seemed long.” For H: “Slow. Came 
near reacting.’”’ These then are strong instances of checked pre- 
mature reactions. 

To understand the few reactions in M’s series which appear 
to be antagonistic, types I, J, K and L, we will refer once more 
to the introspections. For I we find: “Tendency to react’; 
for J: “A forced effort to be calm’; for K: “Hard to 
hold down. So much energy expended in holding down, not 
enough left for reacting’; for L: “Nearly reacted before 
stimulus.” These forms then are closely allied to the double 
type. One would suspect that, had the stimulus been de- 
layed an instant longer in such a form as type K, it would 
have given rise to such forms as F. or H. These apparent 
antagonistic reactions occurred when the anticipatory reaction 
was realized and the reactor attempted to control or check it. In 
each of these cases the movement was not the effect of the stimu-_ 
lus but had begun before it, as in type K, or too soon after to be 
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explained by it, as intypes I, J,and L. Although the reactor was 
aware of the muscular preparation and the impulse to react, he 
was not aware of the upward movement of the arm in the period 
preceding the stimulus and was much surprised at this when 
shown the curves after all the series had been taken. 

The reason for the very fast corrected reaction times may now 
be better understood (see p. 75). We found M’s typical form 
of final reaction to be the sharp upward movement. When, how- 
ever, there was a high degree of muscular preparation before the 
stimulus, this typical reaction resembled more the gradual type 
(see p. 78) because of the pronounced rise of the line preceding 
the final reaction movement. This is shown in the difference 
between types A and B, Fig. 8. In this latter type where did the 
reaction movement begin? Certainly before the stimulus oc- 
curred, though the gradual upward movement did not break the 
circuit. Such an upward movement would have completed itself 
with or without the stimulus, unless the whole character of the 
attention had been changed and directed to an effort to hold the 
finger down. It is evident then that the reaction time, in this 
gradual upward type of movement, would depend on the point of 
the rise at which the stimulus occurred. In some cases the 
stimulus came so late that the reaction was nearly completed, 
even the “Chronoscope” time being therefore very short, at times 
as low as 600. If in such a reaction the time is corrected to 
the beginning of movement it would be reduced to zero. Even 
in type A curves (which formed the bulk of M.’s reaction rec- 
ords) there is a steady rise in the curve before the stimulus, 
giving short reaction times, although not so extremely short 
as in type B. 

With an apparatus allowing such a form of movement the 
reaction time could not be understood without reference to a 
graphic record of the form of movement. Since with reactor M. 
this form of movement was perfectly natural, any apparatus 
which did not allow it to occur would have occasioned an artifi- 
cial form of movement and turned the natural direction of the 
attention from a muscular preparation to react to an attempt 
to keep the contact on the key unbroken. 
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Let us turn now to the historical classifications of reactions 
established by Lange and his followers to see if we can classify 
reactor M. by any of these. Those reactions having short times 
with small mean variations, in which there is a muscular strain 
and frequent wrong or premature reactions, are classified as 
motor reactions. When, in addition, the reactor’s introspection 
shows that his attention was on the movement to be made and not 
on the stimulus, we can be sure that the reaction is of Lange’s 
motor type. Those reactions, on the other hand, having long 
times and large mean variations, with a definite sensory strain 
(that is, a strain in the sense organ rather than in the muscle) 
and no wrong or premature reactions, but among which at times, 
delayed reactions occur, are classified as sensory reactions. To 
these criteria would be added the introspection of the reactor 
that his attention had been on the expected stimulus and not on 
the movement to be made. 

The description of reactor M. given above brings him clearly 
under the head of moter reactors. M.’s reaction times are very 
short, even below the 100-1200 determined by Lange as the 
average range of motor reaction time, and the mean variations 
are low, most of them below 15. Seven cases of reaction before 
the stimulus occurred scattered through five series. According to 
the introspections each of these cases was due to strained attention 
and extreme muscular preparation. Several special trials were 
‘ ‘ | made at unexpected times with a much longer interval between 

Be the warning signal and the stimulus. In each of these cases M. 
reacted before the stimulus, stating afterward that he “could not 

! hold on any longer.’”’ In many cases, too, of the regular series in 
: : which a reaction time was recorded, both the shortness of the 

. time and the sharp rise of the pressure curve before the stimulus 

‘ was given, indicate clearly that these reactions were really begun 

; before the stimulus occurred. 

. If we turn to M.’s introspections we find even clearer proofs 

j of the motor type. Several times during the course of the investi- 
s i | gation M. was asked to write at the close of a series his intro- 
“t spections on the direction of his attention. These statements did 
not change throughout the investigation: “I sit waiting passively 
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for the warning signal with my attention turned in that direction. 
After the warning signal for perhaps one second I continue to 
sit passively. At about this point I begin to think it may be time 
to react and my muscles seem to tighten all over in preparation. 
My attention does not seem to be upon the stimulus which is 
coming nor upon my finger; it seems to be centered in a definite 
muscular preparation for a quick reaction. Although I do not 
pay any attention to the expected stimulus, yet if it is delayed I 
can only keep my finger on the key with difficulty. The reaction 
itself seems to be almost automatic. I make the necessary muscu- 
lar preparations and the stimulus sets it off. Many times I am 
surprised to find myself reacting and to learn that the stimulus 
has occurred.” At times M. stated that after the reactions he 
could recall that the stimulus had occurred. ‘These statements 
tally, as we have seen, with the character of the pressure curves 
and the reaction times. Of the introspections recorded by M. 
after the individual reactions the most common type is “hard to 
hold my finger on the key” or “anxious to react.” These two 
statements occur over 150 times out of 259 reactions. 

M. then is clearly a motor reactor, and naturally so, since 
this type of reaction was assumed without any instructions. This 
brings him not only under Lange’s classification but also under 
that of Baldwin’s “natural types.”’ 

These facts of classification are of special interest since M. 


exhibited a definite form of reaction movement along with his 


natural motor type of reaction,—a decrease in pressure from the 
warning signal to the end of the record, the final movement in 
response to the stimulus being a simple sharp rise. This form 
of movement did not, further, develop by gradual practice but 
was, from the outset, related to the strength and direction of the 
attention and to the attendant varying degrees of muscular 
preparation. Any marked divergence from it, such as the double 
or partial antagonistic types, arose from an effort to check this 
normal tendency. 

Some check experiments were tried with M. with explicit 
instructions on the direction of his attention. Forty-one reactions 
were had in which he was instructed to allow the movement to 
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take care of itself and to turn his attention entirely on the ex- 
pected stimulus. Thirty reactions were taken with instructions 
to concentrate the attention on the movement and not to pay any 
attention to the stimulus. 

There was a marked difference in time between the two series. 


4 The average corrected time for the sensory series was 1440 while 
. that of the motor series was 970. The mean variation for the 
i | motor series was 15 and that for the sensory 22. One reaction 
Bh before the stimulus occurred in the motor but none in the sensory 
i series. In the motor series M. was instructed to introspect on the 
: time and on the direction of his attention and in the sensory only 
P| on the direction of his attention. The difference in the time of 


the two series and in the introspections shows that M. succeeded 
q | in establishing a corresponding difference in the type of attention. 
At the close of these series he stated that the motor series in every 
case appeared to be much more natural than the sensory, and 
 ) seemed just like the earlier series. 

The character of the movement in the motor series is identical 
with that in the earlier series. The pressure was steady in the 
period before the warning in 18/30 cases. There was a marked 
change in the direction of the pressure-curve at the warning in 
28/30 cases. The pressure was decreased slightly or to a medium 
extent in the period after the warning in 20/30 cases, and to a 
marked extent towards the end of the record in 22/30 cases. 
There were no cases of increased pressure in this period. All but 
two of the final reaction movements were of the simple sharp 
kind, shown in type A, Fig. 8. There was one reaction of the 
gradual type and one reaction of the double type. 

The summary of the sensory series shows the form of the 
movement in the critical parts of the record to be changed. In 
the period before the warning signal the cases are about equally 
divided between an increase and a decrease in pressure. There is 
ia a change in the direction of the pressure-curve at the warning 
Hi. signal in 38/41 cases. After the warning signal there are only 
i 9/41 cases of a decrease in pressure, while 13/41 cases of an 
ee increase in pressure occur. This is in marked contrast to the 
1 | motor series. In the period just preceding the stimulus there are 
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only 5/41 cases of a decrease in pressure, while 15/41 cases of a 
slight increase in pressure occur. In these last two periods the 
cases of steady pressure are about equal in number to those of 
increased pressure. The reaction movement itself in the sensory 
series was the same simple sharp rise in 39/41 cases. There were 
two cases of gradual antagonistic reactions shown in type M., 
Fig. 8. The downward trend of the pressure-curve at the end 
is quite noticeable in these cases. These two antagonistic re- 
actions were the effect of the stimulus rather than an effort on 
the part of the reactor to keep from reacting as in the “apparent” 
antagonistic reactions of M.’s regular series. 

These two control series furnish further proof that the motcr 
type of reaction was M.’s natural type, that a definite form of 
reaction movement accompanied it and that this form of move- 
ment changed with the changed direction of attention in the 
sensory reactions. 

Fifty-one reactions were then taken with M. upon an electric 
break key. He at once experienced difficulty with this key in the 
motor reactions. His normal tendency to prepare for the final 
movement by lifting the finger could not be carried out, since the 
least movement of the finger upward broke the contact on the 
key. Although the attention was directed towards the finger and 
not to the stimulus, it was concerned with holding the finger 
down on the key rather than with the final upward movement. 
The average motor reaction time with this electric key was 1200 
with a mean variation of 15. This is much longer than the 
average corrected time for the spring key. 

M. stated after this seriés that he did not like the electric 
break key as well as the spring key. He felt “hampered, as 
though his finger were held down or tied down.” He did not 
dare raise his finger at all or decrease the pressure on the key. 
After one series M. stated: “I find that more energy is consumed 
in pressing on this key than on the spring key. Time is required 
to overcome this pressure after the stimulus is given. The finger 
must be held down without any letting up.” Not only was the 
attention turned to an effort to hold the finger down, but the 
introspections show that the attention was, at times, even drawn 
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towards the stimulus, since it could not employ itself with a 
preparation to react. 


A few reactions were taken with this same electric break key 


with instructions to attend to the stimulus. The average time 


was not increased in this case beyond that in the motor series with 
the same key. M. found much less difficulty with the electric key 
in the sensory series and stated that to him such a key seemed 
better suited to the sensory than to the motor type of reaction. 

Such facts as these bring out even more clearly the conclu- 
sions already reached concerning M.’s definite natural type of 
reaction. They show also the marked effect which the different 
kinds of keys had upon the character of the attention. A key of 
the spring type appears much better suited to reaction work than 
the electric key since the latter may inhibit not only the natural 
tendencies of the reactor, making it impossible for him to react 
in a normal way, but also the directing of his attention in accord- 
ance with instructions. 


REAcToR H. 


We will contrast with these results of reactor M. those of 
reactor H., also a student in the Graduate School. H. had had 


‘no previous training in reaction experiments of any kind, knew 


nothing of the distinction between the sensory and motor types 
of attention, was wholly unfamiliar with the apparatus at the 
outset, and was but little distracted by the new type of movement. 
Nothing was told H. as to the object of the investigation. He 
was told simply to lift the finger from the key on hearing the 
stimulus, and the movement employed by him, as observed by the 
operator, proved not to differ much from that of M., the reaction 
movement being a quick, upward jerk of the forearm from the 
elbow. The same suggestions concerning introspections were 
given H. that were given M. (see p. 75). 

Fourteen series with a total of 280 reactions were secured, 
without additional instruction or knowledge of results. These 
series covered a period of eight weeks. The last nine series were 
taken in two consecutive weeks. 

Three columns of times (see p. 72) are given in the quan- 
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titative summary of H.’s reactions, Table III]. Except where ex- 
pressly stated the “Corrected” time is the one utilized in the 
text. The “Movement Began” time is of interest only in indicat- 
ing the amount of time which it is necessary to subtract for the 
antagonistic form of reaction movement. The time curves 


TABLE II].—Summary of Average times and mean variations. Reactor H. 
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| Chronoscope | Corrected | Movement began 
Warn- | | | 
ing | | 
time Time | | Time | Time 
No. of Series | seconds| Sigmas | Var. | sigmas | Var. | sigmas | Var. 
Peer 2.2 173 36 154 32.2 130.8 23.2 
Sans 2.4 176 20.5. 172.5 14.8 134.3 22.4 
ee 2.0 159 20.7 142 18. 124.3 14.9 
|, Serer 1.9 147 18.2 138.7 16 104.7 16.7 
, are 2.0 158.6 22.9 144.8 13.6 128.8 15.1 
LL) are 1.8 137.8 13.2 121.6 12 100.5 15.9 
Wee’ sees 1.8 138. 19.7 123.7 19.9 93.7 23.3 
2.1 130.5 16.2 119 II.2 89 19.4 
2.2 131.6 13.4 13 93.6 16.7 
. 2.2 127 14.2 114.2 14.7 IOI 12.7 
ie 2.2 116.1 14.5 105.3 14.9 81.7 22.6 
: Oar 2.1 133.1 16.7 117.8 16.2 101.6 13 
2.1 131 18.3 124.2 18.2 96.2 16.8 
Ce 2.1 120 20 114.7 20.9 81.9 29.1 


Averages | 22 | 1484 | 188 | 1295 | 168 | 1044 | 185 


plotted in Fig. 10 show very clearly the relations between the 
different times. The difference between the upper line represent- 
ing the chronoscope times and the middle line representing the 
corrected times, shows the error that had to be subtracted for the 
speed of the movement (see pp. 71-72). The error is a very con- 
stant factor with H. since the two curves correspond very closely. 
The average error for the entire series was 180. The difference 
between the corrected time curve and the lowest (broken) line 
representing the time to the beginning of movement, shows the 
amount of correction which it is necessary to allow for the 
antagonistic reaction. The average correction, i. e., the time 
consumed by the antagonistic phase of the movement, was 25¢. 
Since the amount of correction for the different antagonistic 
reactions is nearly the same, the difference between these two 
lower curves represents, roughly, the relative frequency of such 
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10. 13. 15. Series Me. 
Fig. ! 0, 


_ Reactor H.—Curves showing the relation between the length of the reaction 
times through the series. 


Curve A. represents the Chronoscope time; curve B. the Corrected time; and 
curve C, the time to the beginning of movement. 


antagonistic movements. For example, there were fewer antag- 
onistic reactions in series I, V, X and XII than in the other 
series. 

The average time for all the series is fast, 129.50, and the mean 
variation is not large, 16.8. From series II through series XI 
there is a gradual decrease in time due to practice. The mean 
variation also decreases through these series. The average time 

: increases again in series XII and XIII. In series XII H. had 
been excused from the middle of a long examination to keep his. 
appointment for the reactions. The introspections show that he 
could not keep his mind from wandering to the subject of examin- 
ation. In series XIII he stated that he was tired and nervous. 

The qualitative summary, showing the characteristics of the- 
pressure curves traced by H., is given in Table IV. H. is a more 
unsteady reactor than M. This unsteadiness is due to a nervous. 
trembling of the hand, and appeared to a more marked degree. 
when H. was tired. The most prominent characteristics in the: 
curves are as follows: In the period before the warning signal 
there were 103/280 cases of increased pressure, the other cases. 
being divided between a steady pressure, 95/280 cases, and 
waviness, 62/280 cases. The warning signal caused a change in: 
the character of the pressure in more than one-half of the records, . 
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Reactor H.—Pantograph reductions of pressure curves 
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172/280 cases. In the period after the warning signal there were 
more cases of increased pressure (82/280) than of decreased 
pressure (15/280). The greatest number of cases in this period 
are steady and level (124/280). Towards the end of the record, 
before the final reaction, the proportions are not much changed,— 
76/280 cases of increased pressure; 40/280 cases of decreased 
pressure and 114/280 cases of level, steady pressure. The final 
reaction movement is manifestly of the antagonistic type, e. g., 
types S to W, Fig. 11. There are 195/280 such reactions. 
There are 68/280 reactions of the sharp type O, 4/280 cases of 
the gradual antagonistic type Z and 8/280 cases of the double 
type Y. 

Such an account shows very clearly that reactor H. exhibited 
a definite form of reaction movement and one that he exhibited 
naturally. It differs radically from that shown by M. Was this 
form of movement developed through practice? The reaction 
times of H. show the effects of practice in the course of the series 
more definitely than did those obtained from M. As to the form, 
neither manifests any regular change or development due to prac- 
tice ; both show their characteristic variations in form in the early 
as well as in the late parts of their total series. But whereas M.’s 
final reaction movements were either sharp or gradual in form, 
with few antagonistic, H.’s were either sharp or antagonistic, the 
latter greatly preponderating. Fig. 11, types O to W, examples 
selected (not, however, in consecutive order) from all the series, 
shows his characteristic variations in form. The forms which 
appear most commonly in H.’s records are those of types S and U 
(183/280 cases). These forms have been classed as “slight 
antagonistic reactions.” 

Comparison of the different forms of movement with the 
character of the attention as shown by the introspections, again 


brings out the point that there is no development of a preponder- 


ating reaction form with practice. There are, for instance, more 
sharp than ‘antagonistic reactions in series I, X and XII. In 
series I, H. was learning to use the machine and his attention 
was much more cn the movement and finger than on the stimulus. 
In series X he shows a marked tendency to direct his attention 
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to the movement rather than to the stimulus. In series XII, H. 
was tired and distracted by an examination. Like reactor M., 
therefore, H. assumed at the start a very definite form of reaction 
movement and maintained it in the majority of reactions to the 
end of the fourteen series, departures from it being due, intro- 
spectively, to changes in the direction and amount of the 
attention. 

The sharp form of final reaction movement is accompanied by 
two types of introspection. Either, “fast, afraid of reacting too 
soon,” or “medium slow, wavering attention.” These two types 
of introspection indicate that the sharp reactions occurred when 
the reactor’s attention was turned towards the finger or move- 
ment, or was generally lowered. The slight antagonistic reactions 
occurred when the conditions were the most normal. At such 
times H. stated that his attention was good and turned toward 
the expected stimulus. The three most marked antagonistic 
forms, on the other hand, occurred when the reactor’s attention 
was distracted by some other thoughts. Examples of this are 
found in series III, No.8: “Bad attention, thinking of my failure 
to get here yesterday’; series XI, No. 16: “Slow, thinking of 
preceding reactions”; series XIII, No. 2: “Signal came before I 
was ready.” The four gradual antagonistic reactions also occurred 
at times of distraction. Two were reactions before the stimulus. 
In the others H. states, “Mind on warning; hard to hear warn- 
ing.”” Examples of these reactions are shown in Fig. 11, types 
Z and A’. The double reactions, as in the case of M., were 
caused by the attempt on the part of the reactor to check a 
reaction before the stimulus. ' In both cases H. was conscious of 
this form of movement since he stated after each, “Started and 
stopped.” An example of the double reaction is shown in Fig. 
II, type Y. 

Such comparisons show more emphatically a definite relation 
between the form of movement and the character of the atten- 
tion. Marked departures from the normal type of attention 
were accompanied by marked departures from the normal form 
of movement. The same relation holds true in the period just 
before the final movement made in response to the stimulus. 
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Only two cases of a marked rise towards the end appear. These 
two are followed by the double reaction movements which we 
have just examined. 

The fourteen cases of a medium rise towards the end are 
accompanied by introspections which show distraction or a low- 
ered attention. For example, series XI, No. 17: “Simply could 
not concentrate my attention”; series XII, No. 15: “Poor atten- 
tion, thinking of examination.” 

Another characteristic appears in H.’s data showing him in 
marked contrast to M. In the period before the warning, H. ex- 
hibits a strong tendency to increase the pressure. The warning 
signal often emphasizes this. The increase is interesting in the 
light of a statement made by H. at a later time, which will also be 
used in another connection. He said that he felt the need of a 
firm foundation from which to start the reaction movement,—the 
increase in pressure seemed to be an attempt to “strike bottom.”’ 
M., whose pressure lessened, apparently felt no such need. In 
general, too, the warning signal introduced less change in the 
character of H.’s pressure than in that of M. 

Where does reactor H, belong judged by the criteria for 
sensory and motor reactions? His reaction times are much longer 
than those of M. (600 longer), but they are still short compared 
with the 200-2200 established by Lange for sensory reactions. 
The mean variations are also somewhat larger than those 
of M. In themselves the reaction times and the mean varia- 
tions would not definitely classify H. as either sensory or motor. 
Considered in conjunction with the almost complete absence of 
premature reactions they offer presumptive evidence, however, 
that he was of the sensory type. Only four reactions before the 
stimulus occur. The introspections show that one of these oc- 
curred when the reactor’s mind was wandering, and the other 
three when the attention was turned away from the stimulus 
towards the finger. Several trials were made to test the effect of 
long warning intervals given at unexpected times. These reac- 
tions were not included in the normal results and occurred at the 
end of the different series. In no case did H. react before the 
stimulus after one of these long intervals. He stated that his 
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muscular preparation for the reaction movement increased, but 
that his attention turned more and more intently towards the 
delayed stimulus. 

His further introspections give clear proof that H. was of the 
sensory type. He made the following general statement in 
regard to his attitude and attention during the majority of reac- 
tions: “I sit waiting for the warning signal with my attention 
wholly in that direction. After the warning comes I seem to 
tighten up my muscles all over in preparation for the coming 
reaction and my attention turns towards the stimulus, waiting for 
it to sound. Sometimes the increased tightening of the muscles 
draws my attention towards my finger, causing my attention to 
fluctuate back and forth between my finger and the sound. I 
always hear the stimulus, however, and would not react until it 
sounds.”’ Only five times out of the 280 does there appear any 
introspection that would indicate attention turned toward the 
finger or the movement. There are 25 introspections which 
record lowered attention or distraction. The remainder (250) 
state that the attention was “good” or “normal,” i, e., on the 
expected stimulus. 

These introspections clearly place H. among the sensory reac- 
tors; and like reactor M., H. assumed his type of reaction 
naturally without any instructions, thus bringing him also under 
Baldwin’s classification of natural types. This fact is of par- 
ticular interest because, with this natural type of attention and 
reaction went also a definite form of reaction movement,—both 
entirely different from the natural type of attention and the form 
of movement assumed by M. Whereas M. decreased the pressure 
from the warning signal to the end of the record and responded 
to the stimulus by a simple sharp rise, H. maintained a constant 
pressure or increased the pressure from the warning signal on 
and responded to the stimulus, in the majority of cases, with an 
antagonistic reaction. Any marked changes, furthermore, in the 
form of movement could be correlated with changes in attention, 
as in the case of M. | 

This antagonistic form of movement has a marked effect on 
the length of the total reaction time. As we have seen, it would 
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be necessary to subtract 250 from the reaction time of H. to 
obtain the time between stimulus and the real beginning of the 
reaction movement, i. e. the beginning of the antagonistic phase. 
So far as we have gone it would not be possible for us to say, 
however, that the antagonistic form of movement would always 
eccur with the sensory type of attention, and the simple sharp 
form with the motor type. These forms might be purely indi- 
vidual. This point needs further investigation and a discussion 
of the facts will be postponed until the results of other reactors 
have been described. 

Special Series ——Three series of reactions (thirty in all) were 
taken in which H. was directed to center all his attention on the 
coming stimulus and to let the movement take care of itself. The 
average time is 147.10. This is 17.60 longer than the average 
time of the regular series. The mean variation is lower than that 
of the regular series by 3.4. The average reaction time brings 
H. nearer the traditional sensory type. H. stated that this 
form of reaction seemed natural to him, and that he had not 
thought of his finger at all, or of the movement, in the last 
two of these series. In the pressure curves the same charac- 
teristics appear (but in greater degree), which appeared in 
those of the regular series. As in the regular series the cases 
are about equally divided between a downward pressure before 
the warning and a steady pressure. There are relatively more 
cases of change in pressure at the warning. There are only two 
cases of a rise after the warning, neither being of the marked 
type. There is a much greater proportion of increases in pressure 
after the warning, 15/30, than in the regular series. The remain- 
ing cases are level or wavy. There are only two cases of a rise 
towards the end, neither of them marked, but still more cases, 
relatively, of increase in pressure, 20/30, than in the regular 
series. The final reaction movement in almost every case is of the 
antagonistic type, 25/30. Eighteen of these are of the slight an- 
tagonistic type, shown in Fig. 11, types S, T and U, and the re- 
maining seven of the marked types, V and W. There is only one 
double reaction, which occurred when the attention shifted slightly 
tothe movement. In the series in which the attention of the reactor 
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was most strongly centered on the coming stimulus, more antag- 
onistic reactions of the marked type than of the slight type appear. 
At the end of this series the reactor stated, “Absolutely no atten- 
tion paid to finger.”’ We seem justified in the assumption that 
this series is of a more uniform sensory type. In the regular 
series this uniformity was interfered with by fluctuating attention. 
By distributing the forms of movement in the first regular series 
under the types of attention in which these movements occurred, 
we found the form of movement most regularly accompanying 
the sensory type of attention to be a downward pressure preced- 
ing the reaction, followed by the antagonistic movement in the 
reaction itself. In this special sensory series we find these char- 
acteristics more marked. 

Three series of motor type were attempted in connection with 
these special sensory series. The reactor did not succeed in 
establishing the motor type of attention. He stated that he 
simply “fixed his attention upon his finger and waited for the 
stimulus,” which seemed rather a paradox. The records show an 
increase in time of 30 over that of the special sensory series. 
This fact in itself, aside from the introspections, indicates that 
there was very little difference in the character of the two series. 
The mean variation is very much increased, 21.3, showing that 
the attempt to fix the attention for a motor series proved a dis- 
traction. We find, in fact, the pressure characteristics of the 
sensory series appearing in a more marked degree. There are no 
cases of rise after the warning or towards the end and 21/28 
cases of a fall towards the end. All but one (27/28) of the 
reactions are of the antagonistic type. These are distributed 
as follows: 21/27 slight antagonistic reactions, 5/27 marked 
antagonistic reactions, 1/27 gradual antagonistic reactions. 

H. was carefully questioned as to his attitude in these reactions. 
It was found that he did not interpret “attention on the move- 
ment” or “attention on the finger” to mean a preparation for a 
quick upward movement. He fastened his attention on the finger 
and was more concerned than ever in holding it down upon the 
key. A good example of this, in a single reaction, is as follows: 
the reactor stated, “Medium time; attention on finger.” The 
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‘time was really very slow, 2250. As to the form of the move- 
ment, there is a very marked fall in the line after the warning, 
meaning a marked increase in the pressure. This is followed by a 
very marked antagonistic reaction. H. stated, furthermore, that 
he always waited for the stimulus in these series. No cases of 
reaction before the stimulus occur. A special trial was made at 
the end of one series to see if the reactor could be made to react 
before the stimulus. The interval between the warning and the 
stimulus was increased to 3.2 seconds. H., however, reacted 
in normal time (1400) and did not seem to be at all disturbed by 
the delay. These attempted motor series seem, then, to be 
sensory, with the additional complication of increased attention to 
holding the finger on the key. H.’s whole attitude was so strongly 
sensory that a very long practice series would have been neces- 
sary to develop the motor type of attention. These series then, 
do not serve as a check on the sensory series. They show, how- 
ever, how strong the tendency in one direction can become and 
how difficult it would be ever to get a motor series with such a 
reactor. This explains very well what the Leipzig experimenters 
call absence of “Anlage.”’ 

One series of discrimination reactions was taken with H. One 
electric hammer was placed at the right of the reactor, with a 
second at his left, both behind the screen. By means of a 
multiple switch either of these hammers could be thrown into 
the reaction circuit. H. was instructed to react to the sound on 
his right and not to react to the sound on the left. The average 
time was 247.10. The mean variation was large, 51.3. The form 
of movement corresponds to that made in the sensory series. Of 
the fourteen reactions to the stimulus on the right, ten show a 
change at the warning; ten increased pressure after the warning; 
ten show a strongly increased pressure towards the end. There 
are no cases of a decrease in pressure during the period between 
warning and stimulus. The final reaction movement is of the 
antagonistic type in all but two of the reactions. These antagon- 
istic reactions are more marked than any of the forms shown in 
the earlier series; the sharp downward trend of the curve often 
beginning, too, before the warning signal. There is one double 
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reaction, the first reaction taken. The reason for this is evident 
from the introspections. The reactor managed to see the spring 
on the electric hammer move before the sound came. This 
caused the preliminary start which was checked until the stimulus 
sounded. The hammer was then moved completely behind the 
curtain and this distraction did not occur again. The character 
of the pressure when the stimulus at the left sounded is very 
interesting. There is the same gradual increase in the pressure 
up to the point at which the stimulus occurs. Here the pressure 
becomes still greater, causing a trough in the curve about 2000 
in length, after which the pressure is steady, or in some cases 
decreased until the motor is stopped. This involuntary downward 
start was noticed, when it became marked, by the reactor and was 
recorded by him in the introspections. 

The data thus far seem to show, then, that when the attention 
is concerned with the coming stimulus, there occurs an increase 
in pressure during the period preceding the reaction (reactor 
H.). When the attention is concerned with the movement to be 
made (reactor M.), there occurs a decrease in pressure during 
the same period. We will leave the discussion of reasons until 
later. 

A series of twenty reactions was taken with H. on a regular 
electric break key. He was allowed to react in his normal way. 
The time was increased to 152.16. The mean variation was lower 
than the average for the regular series, 15.7. The reactor said 
after his first trial, “This feels more like it.” At the end of the 
series he stated that this key seemed to require more pressure 
than the spring key. This fact was a recommendaticn in itself 
to him. He felt, as already stated, the need of a firm foundation 
from which to start. The spring key did not furnish it. He 
believed that all his times were much faster with the electric 
break key than with the spring. H. was then tested with a large 
tambour. The times were increased still more. The average 
for the series of 20 reactions was 155.9e. The mean variation 
was also increased, 24.1. The form of the movement was the 
same as with the spring. There was a marked downward pres- 
sure before the stimulus and a more marked antagonistic reaction 
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movement. H. did not like this type of apparatus at all; it seemed 
like “‘trying to start to run from a bed of sand.” The rubber of 
the tambour did not give him even as solid a basis as the spring. 

These statements in regard to the different forms of reaction 
apparatus are interesting in view of the antagonistic tendency 
exhibited by this reactor. Whereas M. found the spring key most 
suited to the preparatory rise in the period preceding the reaction 
movement, H. found that the electric key gave a greater feeling 
of security in view of his tendency to press down in the period 
preceding the reaction so as to get a solid basis from which to 
start the upward movement. The electric key, however, increased 
the reaction time, dcubtless because the rigidity of such a key did 
not allow free play of the antagonistic tendency but rather inter- 
fered with it, acting not only as a check on the antagonistic move- 
ment but upon the subsequent rise. The fact that this key felt 
most secure doubtless accounts for the feeling of the reactor that 
he was making faster reactions, 

After all the test experiments with spring, tambour, and key, 
H. was told about the antagonistic tendency and asked if he had 
noticed it and if he knew of any other facts in his experience 
which would account for it and for his sensory type of attention. 
He said he had noticed this final downward push only a few times. 
This accords with the more detailed introspections, where we find 


only three such statements in the regular series. He stated that 


such a movement seemed to accord with his general nervous habit 
of suddenly tightening any muscles he was about to use before 
the actual movement was made. In his undergraduate days he 
had been a hundred-yard-dash man. So far as he could remem- 
ber he had never “jumped the gun.”’ He always gave a prelim- 
inary dig with his feet and crouched slightly as if to spring, the 
instant before the signal came. He said that this preliminary 
“start” had often caused the men at his side to leave their marks 
-before the signal but that he had never done so himself. 

Summary.—We have shown: 

First, that the type of pressure up to the stimulus, and the 
type of the final reaction movement shown by reactor H. in the 
regular series appear more often and to a more marked degree in 
the special sensory series. 


hee 
¥ 


~ 


a 


Sco 
=. 
j 
= 
| 
| 
= 
efi. 
EAS 
‘Real 
4 
~ 


102 ROBERT DAY WILLIAMS 


Second, that it was not possible for reactor H. to establish the 
motor type of attention in the three series tried. 

Third, that whenever the attention was directed away from a 
fast final movement, the pressure in the period preceding the 
reaction movement tended to increase. 

Fourth, that there is some reason to believe, in view of these 
facts, that the antagonistic movement appears more often in the 
sensory type of reaction (reactor H. compared with M.). 

Fifth, that the form of key has a marked influence on the 
reaction time. 


REACTOR E. 


Having dealt thus fully with the two previous reactors, in 
order to show the methods of procedure and of analysis of results, 
it will not be necessary to go into such detail with the remaining 
reactors. 

Both M. and H. exhibited definite forms of movement which 
could be correlated with the reaction times. But more than this, 
these reaction times and forms of movement accompanied definite 
types of attention, utilized by earlier investigators in their classi- 
fication of reaction types. With E. we come to a reactor whose 
movement records did net show uniform characteristics through- 
out and whose average reaction times were scattered from 2440 
to 1050. At first sight it would seem impossible to harmonize 
such results with those of the previous reactors. A careful study 
showed this, however, to be possible. 

FE. had had no training in reaction experiments; the ordinary 
instructions to raise the finger on hearing the stimulus were 
given him at the beginning of the series. A total of 202 reactions 
was taken in these uninstructed series. The average corrected 
time for the ten series (Table V) is 155.90 with a mean variation 
of 30. The average corrected time of series I is long-2440 
with a M. V. of 50. The times decrease regularly and the 
M. V.’s fairly regularly to the ninth series (time 1050; M. V. 24). 
The time goes up again slightly in the tenth to 1100 with a M. V. 
of 18. 
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TABLE V.—Summary of average times and mean variations. Reactor E. 


Chronoscope Corrected | Movement began 
Warn- we 

ing 
time Time Time Time 
No. of Series | seconds | Sigmas Var. sigmas | Var. sigmas | Var, Li 
gro 2.3 263 53 244 50 238 50.7 1s) 
1.6 227.5 59.5 204 54.8 198 51.4 
eee 2.2 211 21.6 190 29.3 178 26.3 Nat 
re 2.3 185 32 175 29.2 153.2 29 Te 
2.3 185.9 33-4 156.7 28.5 149.7 21.2 
rrr 2.2 166 28.4 141.9 34.1 118.1 38.9 Bt. 
2.2 142.5 19.6 120.6 17.6 119.6 17.9 
2.1 137 20.2 111.5 22.2 110.8 21.4 
re 2.0 137 20.1 105.3 24.2 96.4 29.7 is 
2.3 139.5 15.6 | 110.7 18.1 105.2 25 
Averages .| 2.15 | 179.34 | 30.34 | 155.07 | 30.79 | 147.7 | 31.15 


Such a regular decrease in the average reaction times and 
mean variations indicates that we are dealing with a marked 
practice series. In order to show this more clearly, the times 
were distributed according to their frequency (Fig. 12, curve A). 
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Reactor E—Frequency curves of reaction times. Curve A. Uninstructed 
series. Curve B. First half of uninstructed series. Curve C. second half of 
uninstructed series. Curve D. n.otor series. 
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This is roughly a double frequency curve. The most frequent 
of the shorter times lie between 1100 and 1700, and of the 
longer times between 1700 and 190e. So much for the unin- 
tructed series as a whole. 

Dividing it into two parts, series I to V, and VI to X, and 
distributing the reaction times in these two half series according 
to their frequency, we get curve B, Fig. 12, for series I to V, and 
curve C for series VI to X. Curve B shows a very wide distri- 
bution of times with no grouping in any one region. Curve C 
gives a marked grouping of the times in the region between 100¢ 
and 1300. These curves, together with the general decrease 
of the average times, show clearly that reactor E assumed the 
short reaction times in the course of practice. 

Reactor E.’s pressure curve (Fig. 13) is much more irregular 
than any thus far considered. Such irregular records as those . 
shown in types E’, F’ or I’ are very typical. There are very few : e 


records of type H’, where the smaller waves due to hand tremb- 
ling occur, and these are almost entirely in the last two series, in 


which the reactor was tired and nervous. The large inequalities Fe 
we found to be accounted for by the shoulder and arm move- ) \ 
ments of the reactor. 4 

In Table VI a summary is given of the characteristic parts of $8 
the pressure curves for each half separately of the total unin- 1p 
structed series. We find in both halves a very remarkable agree- ‘7. 


ment in the characteristics of the curves up to the final reaction 
movement. The most prominent are as follows: The pressure is 
steady to the warning signal. When the warning occurs there is 
usually a marked rise in the curve. This amounts in some cases 
almost to a partial reaction to the warning. Very seldom does the 
warning cause an increase in pressure. There is usually a de- 
crease in pressure in the period after the warning signal, with 
fewer cases of a steady pressure, and very few of increased 
pressure. There are many cases of decrease in the pressure 
towards the end, in preparation for the reaction, more of thé 
marked decreases occurring in the second than in the. first 
half of the ten series. There are relatively few cases, towards 
the end, of increase in the pressure with somewhat more of a 
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Reactors E, and Lo.—Pantograph reductions of the pressure curves. 
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constant pressure. There are many cases of waviness in both 
the period before the warning and the period immediately after 
the warning, and but few cases of waviness at the end. 

When we turn to the final reaction movement there is a marked 
change in type between the two halves of this uninstructed series. 
In the first half the reactions are almost evenly divided between 
those of the sharp type G’, Fig. 13 (32/102) ; the gradual type 
D’ (37/102); and the antagonistic types M’ and O’ (29/102). 
There are no reactions of the double type. In the second half of 
the series, 70/100 are of the sharp type G’; 16/100 of the 
gradual type D’; 12/100 are antagonistic in type (M’ and O’), 
and 2/100 are of the double type L’. 

We see, then, that a change in the form of the final reaction 
movement accompanies the change from longer to shorter aver- 
age times. With the longer average times occurred relatively 
more antagonistic and fewer sharp reactions, while with the 
shorter times, almost all reactions were of the sharp, and very 
few of the antagonistic type. This agrees with our conclusions 
in regard to the earlier reactors. 

What was the character of E.’s attention throughout this unin- 
structed series? The frequency curves B and C, Fig. 12, have 
shown that E. developed the short reaction times and low mean 
variations with practice. No wrong or premature reactions 
occurred in either half of the series. Nothing was said to the 
reactor about the distinction between the sensory and motor types 
of attention. At the end of series IV, he stated of his own accord 
that he thought his attention had been on the signal. At the end 
of series V, he said his attention seemed to have been divided very 
equally between the signal and the finger. At the close of series 
VII, he stated, “It seemed to me that the times were faster than 
usual.” Such a statement appears to indicate greater interest in’ 
the speed of themovement. In series IX, the reactor states, for 


reactions Nos. 3 and 4, “Slow; thinking of signal.” Such a . 


statement indicates that this form of attention was then a dis- 
traction. On the other hand there are many introspections in 
regard to the movement of the hand or arm which show clearly 
the direction of the attention at least during a portion of the 
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reaction period. For example, in series IX, reaction No. 6, the 
reactor says, “Medium fast; marked downward pressure.” We 
find that this is a correct introspection of the movement. Or 
again, in the same series, reaction No. 9, he states, ““Medium fast; 
pressure in jerks.”’ 

In almost every case in series VII to IX, E. makes some state- 
ment as to the character of the pressure, such as “steady,” “‘un- 
steady,” “wavy pressure at end,” etc. Such statements leave little 
room for doubt, when taken in connection with the times, that E. 
was a reactor of the motor type by the time series VII or VIII 
had been reached. At the beginning of series X, E. was told of 
the different types of attention and asked to introspect on this 
point carefully. This he did and at the end stated that he thought 
his attention went more naturally to the movement than to the 
stimulus. Such a statement taken by itself might prove of little 
value, since the effort to notice the character of the attention 
might have produced an abnormal attitude. It furnishes added 
proof of the motor type of attention, however, when taken with 
the other factors. 

These introspections, with the frequency curves, show clearly 
that E. started with a sensory type of attention and developed 
the motor type through practice. The forms of the final reaction 
movements in the first half of the uninstructed series I-V, more 
nearly correspond, furthermore, to those found with the sensory 
type cf attention in the case of reactor H. The forms of final 
movement in the last half of the series, VI-X, correspond to those 
found in the motor series of reactor M. 

Those phases of the curves preceding the final reaction move- 
ment did not, however, exhibit unambiguously similar corres- 
pondences to the curves of M. and H. With them we found that 
a rise after the warning and towards the end occurred in the 
motor type of attention, and that a fall after the warning and 
towards the end was more often associated with the sensory type 
of attention. With reactor E. we have seen, however, that there 
is little obvious change in the character of the pressure in these 
parts of the record, as the reaction changes from the sensory to 
the motor type. The reason for this can be seen by an inspection 
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of the curves themselves. The curves are so irregular and there 
are sO many waves, both of the small hand waves and the large 
arm waves, that these tend to conceal any definite tendency to 
decrease or increase the pressure. 

The cases of observed increase in pressure after the warning 
were therefore distributed according to the character of the at- 
tention stated in the introspections, in order to get, more in detail, 
the correlations between movement-form and attention. In the 
first half of the uninstructed series, eight cases of increased 
pressure after the warning occur, seven of these being in series 
IV. At the end of this fourth series E. stated of his own accord 
that his attention had been on the stimulus. In the second half 
of the uninstructed series only seven cases of increase in pressure, 
very slight, occur, after the warning. The records show that 
these are due to chance arm movements rather than to a definite 
tendency to increase the pressure in this period. In a motor series 
(XI-XVI, to be considered later) only two cases of a slight in- 
crease of pressure after the warning are found. These also are 
due to the larger chance arm movements. Of the increased pres- 
sures towards the end, in the first half of the uninstructed series, 
over half occur in series IV, spoken of by E. as accompanying 
attention to stimulus. All but one of the remaining occur in the 
first three series before a definite type of attention had been 
developed. In the second half of the series there is only one case 
of a marked increase in pressure towards the end. This is in 
series IX, and preceded a gradual antagonistic reaction, noticed by 
the reactor, since he states in the introspections, “Marked down- 
ward pressure.” There are six cases of a medium increase in 
pressure towards the end in the second half of the series. These 
are due to unsteady pressure rather than to a definite increase, 

Although, then, E.’s curves for the periods preceding the final 
reaction movement do not vary much on the average as his type 
of reaction develops from sensory to motor, it appears that - 
specific cases of increased pressure may be, in general, correlated 
with a non-motor type of attention. Coming now to the final 
reaction movement itself which, as we have seen, did markedly 
change with the advent of the motor type, the number of sharp 
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reactions increasing and that of antagonistic reactions decreasing, 
we get the following more detailed analysis. Fourteen slight 
antagonistic reactions occur in the first half of the uninstructed 
series. Four of these occur in series II, one in series III, eight in 
series IV (which we have seen was regarded by E. as accom- 
panying attention to the stimulus), and one in series V. Four- 
teen marked antagonistic reactions occur, furthermore, in this 
first half of the series, distributed as follows: Three in series I, 
two in series II, five in series III, and four in series IV. There 
are no marked antagonistic reactions in series V. One of the 
two in series II is interesting in relation to the introspection. The 
time was very long, 355¢. The reactor realized this and made a 
great effort to react quickly. This increased effort resulted in 
the final antagonistic movement. 

We have seen that the attention had not reached the motor type 
in this first half of the uninstructed series. In the second half 
eight slight antagonistic reactions occur, distributed as follows: 
four in series VI, one in series VII, one in series VIII and two in 
series IX. Of these slight antagonistic reactions, two occurred 
when FE. was distracted by an outside influence. In one case E. 
records, ‘Making a greater effort.” In another case he states, 
“Thinking of signal; slow.” This was in series IX. The only 
other slight antagonistic reaction in series IX occurred because of 
an attempt to check a reaction before the stimulus. Only one 
marked antagonistic reaction occurred in the second half of the 
uninstructed series. This was in series VI. A man entered the 
room just as this reaction occurred, causing the reactor to give an 
involuntary start. E. stated that this did not cause a distraction, 
but the start shows in a most marked antagonistic reaction. As 
E.’s reaction type becomes definitely motor, the antagonistic 
reactions not only, then, become fewer, but are manifestly corre- 
lated with exceptional states of attention. 

Two double reactions occur, furthermore, in the second half 
of the series, with none in the first half. A double reaction, as 
we have found with reactors M. and H., is associated with a 
strong tendency, of which the reactor is aware, to react before 
the stimulus. This appears in the motor type of attention. The 
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records show, finally, that in the first half of the series more than 
one-third of the reactions were of the gradual type. In the 
second half of this series the proportion of gradual reactions had 
dropped to less than one-sixth of the total, being replaced by 
sharp reactions. 

Since E. seemed to have reached the limit of speed and since 
he had adopted a more or less definite type of attention, he was 
told at the end of series X to center his attention, in the remain- 
ing series, on the movement to be made. The next six series 
(XI-XVI) will be referred to, therefore, as the “motor series.” 
At the outset the conscious effort to concentrate the attention in 
this way proved a slight distraction to the reactor, since the times 
and mean variations were temporarily raised. This distraction 
was only temporary, however, the effort not extending beyond 
series XI. 

The average time for this motor series was I0I¢, the mean 
variation 20 (Table VII). The time decreased regularly from 
1230 in series XI to 830 in series XIV. It increased slightly in 
series XV (980), since the reactor was tired and nervous, 
stating, “I found it hard to concentrate my attention during this 
series; all the times seemed longer than usual.” The time of 
series XVI (940) offered, however, no similar introspective 
reasons. Distributing the times in these motor series according to 
their frequency, we have curve D, Fig. 12. This curve shows the 
motor type of reaction to a more marked degree than in the 
original uninstructed series. The most frequent times lie be- 
tween 800 and 1200. This not only adds force to the earlier 
statement that the motor type of attention had been assumed in 
the later uninstructed series; it shows also the ease with which 
the reactor was able to carry out the instructions as to the motor 
type of attention. Two reactions before the stimulus occur, both 
due to anticipation of the signal by the reactor. 


The same characteristics of form, found in the last half of the. 


uninstructed series, appear in the motor series in a more marked 
degree (Table VI). There is little difference, however, in the 
character of pressure in the periods preceding the reaction, except 
that in the motor series there are but 2/114 cases of increased 
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TABLE VII.—Summary of averages and mean variations. Motor series. 
Reactor E. 
| Chronoscope Corrected Movement began 
Warn- 
ing 
time Time Time Time 
No. of Series | seconds| Sigmas Var, sigmas Var, sigmas | Var, 
+ 3 ae 2.2 149 23.3 123. 21.8 | 118. | 24.7 
eae 2.2 136 17.39 112. 13.5 112. 13.5 
2.0 121.8 24.2 96.4 20.8 96.4 20. 
1.7 28.1 83.4 28.5 78.9 32 
ee kainic 2.2 132.6 24.1 97.8 17. 97.8 17. 
2.2 119.2 19.2 04.1 19. 04.1 19. 
Averages | 20 | 1289 | 22.7 | 101.1 | 203 | 90.7 | 21.3. 


pressure after warning as against 7/100 cases in the former series. 
It is in the final reaction movement itself that the differences 
between the two series are most marked. Whereas the sharp 
type of reaction is characteristic to an equal degree of both, the 
number of gradual reactions in the motor series has increased to 
31/114 over the 16/100 in the last half of the uninstructed series ; 
and the number of antagonistic reactions has fallen from 12/100 
in the latter to 2/114 in the motor series. Neither of these is 
marked. Both, furthermore, appeared introspectively as excep- 
tions. For one E, stated, “unsteady pressure,” the form of 
reaction doubtless resulting from an attempt to control the un- 
steadiness. In the other antagonistic reaction the attention 
wandered. Finally, for each of the three double reactions occur- 
ring in the motor series, E. stated, “Reacted too soon.” Prema- 
ture reactions are peculiarly characteristic of motor attention. 

Summary. 1. E, developed the motor type of attention and 
progressively shorter reaction times in the course of a practice 
series. 

2. With this change in attention went also a change in the 
form of the reaction movement. 

3. The most marked feature of the change was the decrease 
in the number of antagonistic reactions and the corresponding 
increase in the number of sharp reactions. 

4. In the motor series which followed the practice series there 


was a still greater decrease in the number of antagonistic 
reactions. 
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REAcTOR Lo. 

Reactor Lo. was a student in the Graduate School with some 
previous training in reaction experiments. Both in the character 
of his attention and time of reaction he was the steadiest reactor 
thus far considered. There was, too, little unsteady movement 
of any sort. 

In series I the ordinary instructions were given to lift the 
finger on hearing the stimulus. In the remaining series, II-VI, 
the reactor was instructed to fix his attention on the coming 
stimulus and to let the reaction movement take care of itself. Lo. 
was selected for this type of reaction since he stated that in his 
earlier tests he had found that type the most natural one. After 
the first series he stated that his attention had been entirely on the 
stimulus. This series, then, is included in the general sensory 
averages (Table VIII). There is a gradual decrease in the reac- 
tion time through the series,—from 159¢ in the first series, to 
I21¢ in the last. The average reaction time for the six series is 
141¢. This is well above the lower limit for sensory times taken 
with the spring key. To show more definitely the change in 
reaction times through the series, these were distributed according 
to their frequency in the first and in the second halves respectively. 
Curves showing these results, together with a summary curve of 
the whole series, are given in Fig. 14. Curve A represents the 
distribution for series I-III and shows a very good concentration 
of the times about 1400 and 1600 respectively. There are, how- 
ever, a few scattering times from goe to 2400. Curve B, 
giving the frequency in series IV-VI, yields a remarkable con- 
centration of the times in the regicn between 1200 and 1400 
with almost no scattering. As we would expect from such a 
curve, the mean variations are low. The average mean variation 
for the whole series is only 14.8. In series IV it is only 8. 

Such curves, together with the summary curve C, when taken 
with the average reaction time and the introspections indicate’ 
clearly a sensory series of a very regular character. Lo. simply 
gained greater speed by practice with this particular kind of 
apparatus, to which he was at first not accustomed. With this 
increase in speed went also an increase in regularity. The intro- 
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q 
, . Reactor Lo.—Frequency curves of reaction times. Curve A. shows the fre- 
! quency curve for the first half of the series. Curve B. shows the frequency 
ih curve for the second half of the series. Curve C. shows the frequency curve 
i | for the entire series. 
i TABLE VIIl.—Average times and mean variations. Reactor Lo. 
i Chronoscope Corrected Movement began 
Warn- 
ing 
time Time Time Time 
4 No. of Series | seconds| sigmas Var. sigmas | Var. sigmas Var, 
1.8 172.5 24.2 159.4 25.8 143.5 26.3 
2.3 172 18.3 152.9 16.6 140.7 26.4 
1s OSE 2.3 160.6 15.1 I51 13.9 130.7 14.4 
144 9.6 132.5 8 116.1 12.2 
140.9 II.1 128.8 11.2 120 10.9 
1.9 132.7 15.2 121.9 13.7 113.7 9.8 


Averages | 21 | 1566 | 15.5 | 141. | 148 | 1274 | 166 


spections show a remarkable lack of fluctuation in the attention. 
Out of ninety-six introspections only fourteen state a departure 
from the normal sensory type. Seven of these cases show that 
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the attention wavered between the stimulus and the movement. 
Seven state that the aftention was entirely on the movement. 
Three of these cases of motor attention seemed to have caused a 
slight distraction, for Lo. states that the time seemed long. One 
could hardly expect a more regular series of the sensory type. 

Qualitative Results —The pressure curves of Lo.’s reactions 
are likewise the most regular and steady of any discussed so far 
(Fig. 13). Very few marked changes in direction of the curves 
appear at the critical points. The changes at the warning signal 
are for the most part of one kind, namely, a slight increase in the 
amount of pressure, which is maintained as a level line to the 
beginning of the final reaction. The final reaction movements 
are largely of the antagonistic type. The decrease in reaction 
time is accompanied by a slightly sharper type of slight antagon- 
istic reaction. Curves U* and V* show this distinction, so far as 
the form of the movement is concerned; the times are in these 
cases reversed by other causes. No reactions of type U* appear 
after series I, all but four of the antagonistic reactions being 
of type V;* three of type Z.* 

A detailed summary of the forms of movement in Lo.’s series 
appears in Table IX. Series I-III and IV-VI were summarized 
separately. There is almost complete identity between the forms 
of movement in these two series. A description taken from the 
total summary will, therefore, be sufficient. Over one-half of 
the records are level before the warning, the rest being divided 
between a rise, 19/117, and a fall, 30/117. In nearly two-thirds 
of the cases the pressure is changed at the warning signal. The 
pressure is level after the warning signal in two-thirds of the 
records. The remaining one-third is divided evenly between a 
slight rise and a slight fall. In over one-half of the records the 
pressure is level towards the end, but there are more cases of 
increase in the pressure, 30/117, than of decrease, 13/117; there 


are a few cases of waviness, 11/117. In no case did a reaction 


before the stimulus occur. This we would expect in a sensory 
series of this uniform type. In nearly two-thirds of the records 
the final reaction movements were of the slight antagonistic type 
(V,* Fig. 13). About one-third were sharp upward movements 
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(type Y*). Of the rest, three were of the marked antagonistic 
type Z,* one of the gradual antagonistic and two were double 
reactions. One of these is shown in type W.* 

We may now consider, first, under what conditions of attention 
the more unusual forms of movement occur, and second, what 
forms of movement accompany the unusual types of attention, 
provided all of these are not included in the first distribution. 
There are eleven records which show waves towards the end. 
These indicate a tightening of the muscles in anticipation of the 
reaction movement. Such waves, we have found with the other 
reactors, appear more naturally with the motor type of attention. 
Of these, one was caused by a distraction, Lo. stating that he 
was watching the movement of his finger on the key. Five others 
occurred at times when the attention was divided between stimulus 
and finger. The remaining five occurred at times of ordinary 
sensory atention. Of the two double reactions, one occurred as 
we have seen, type W*, in a moment of distraction and the other 
in one of divided attention. Of the three marked antagonistn: 
reactions, one occurred when the reactor’s attention was on his 
finger and one during distraction (seeing the operator’s move- 
ments). In the third marked antagonistic reaction the reactor 
stated, “Sensory; slow.” This reaction was not slower than the 
average, but the antagonistic phase was longer. The only gradual 
antagonistic reaction in the entire series occurred when the reactor 
was asked to think about his breathing. It is interesting to notice 
that, though the attention was almost entirely withdrawn from the 
experiment and the reaction time increased to 3500, yet the form 
of the final movement still remained the same, simply being more 
gradual in type. 

Considering, now, the eighteen unusual introspections appear- 
ing in Lo.’s series, we find that only six are accompanied by the 


more usual forms of reaction movement; leaving a good two-. 


thirds of the cases, in which unusual introspections involved 
unusual forms of movement, 

Summary.—t. Lo. was a reactor of the sensory type. 

2. The form of the final reaction movement was largely of the 
antagonistic type with the level or falling line preceding it. 
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3. Any marked change in the character of the attention was 


accompanied in most cases by a marked change in the type of the 
reaction movement. 


REACTOR W. 

Reactor W. was myself. I had had considerable training in 
reaction experiments and had used the spring key in a number 
of series taken in a previous year. I was almost a practiced 
subject, though I had never practiced for a long time with one 
type of attention. In order to obtain a series from myself, it was 
necessary to use the other reactors as operators. They knew 
nothing about the technique of the experiment, and the first five 
or six series were therefore taken while they were being in- 
structed in the use of the apparatus. At no time during these 


_ series did any of the men become so proficient in manipulation 


that I could feel entirely free from responsibility. They were 
constantly meeting with difficulties in which they needed assist- 
ance, either verbal or manipulatory. This could not help being 
a distraction. It was only with an effort that I could keep my 
attention on my own work of reacting. 

In the reactions taken the preceding year, I had found it easier 
to maintain the motor rather than the sensory type of attention. 
For this reason I began directing my attention on the movement 
to be made. Series I-VI, however, are of little value as motor 
series, since my attention. was so much taken up with assisting 
in the operations. Series VII is the beginning of a more normal 
motor series. As late as series X I stated, however, “Somewhat 
distracted by having to assist the operator with the apparatus 
from time to time.” This is the last series in which such a state- 
ment occurs. 

The general character of my attention was as follows: I paid 
very little attention to the warning signal. When the motor was 
started my attention turned at once to a muscular preparation of 
my hand and especially my forearm for the reaction movement. 
This type of attention and preparation became steadily more pro- 
nounced up to a certain point and then changed. The point of 
greatest preparation we may call the climax of attention and was 
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reached about two seconds after the warning, or more often two 
seconds after the starting of the motor. The slight variations in 
the time to the climax resulted from varying degrees of concen- 
tration of the attention. If the stimulus did not come at or before 
the climax, the attention would turn toward the stimulus. If it 
then came before the existing muscular preparation had had time 
fully to change, the reaction, though doubtless predominantly 
sensory, would be much faster than a normal sensory reaction 
without the muscular preparation. If the stimulus was still longer 
delayed, until the muscular preparation had quite altered, I was 
not ready and the reaction was slow. The final movement was 
in nearly every case a quick upward jerk of the forearm from the 
elbow, with almost no shoulder movement. 

Quantitative Results——Motor Series Twenty-three series of 
the motor type were taken, covering six weeks and averaging 
four series a week. The total number of reactions was 409. 
A summary of the reaction times is given in Table X. There is no 
marked effect of practice through the series. The reaction times 
at the end of the series are shorter than those at the beginning 
but there is a decided lack of uniformity in this decrease. The 
development seems to go forward in waves, each .succeeding 
trough being lower than the one before. The longest steady de- 
crease in time is from series XVIII-XXIII. In these last series 
the conditions were the most favorable. The average reaction 
time for the twenty-three series was 1200. Omitting the first six 
series from the total average brings it down to 1120. This time 
indicates a motor type of reaction. 

The reaction times were distributed according to their fre- 
quency in the whole series and in the first and second halves of 
the whole series respectively (Fig. 15). Curve A shows the 
distribution for series I-XI. The most frequent times for these 


series lie in the region of 1200 and 1300. There are a number. 


of scattering times from 140-1800. A large percentage of the 


reactions indicate, however, the motor type. The distractions — 


already spoken of in the earlier series were responsible for their 
scattering times. Curve B gives the distribution for series XII- 
XXIII. The most frequent times in these series lie in the region 


| 


if] 

| 

Bee 
De 4 

an 
At 4 

ris 
a 

| 

< 
q 

on 

i 

‘ 
| 
+? 


120 ROBERT DAY WILLIAMS 
si TABLE X.—Average times and mean variations, Reactor W. 
i Chronoscope Corrected | Movement began 
Warn- 
4 ing 
time Time Time Time 
: No. of Series | seconds| Sigmas | Var. sigmas | Var. | sigmas | Var, 
2 ask: ee 152. 21.6 134.3 22.8 127.5 17.6 
180.8 48.6 162.9 48.7 148.2 46.3 
3 154.7 16.2 144.2 17.2 130.6 15.6 
138.3 11.7 120.4 15.4 105.2 22.4 
a . re 142.6 17.3 130.3 16.2 116.3 18.2 
i We sisal 174.7 36.7 158.4 34.9 145. 34.1 
151.6 18.1 143.1 23. 131.9 18.1 
137.6 21.9 120.2 23.8 III. 26.8 
137.5 16.0 123. 23.3 109. 20.8 
138.5 16.3 115.2 18. 111.3 20.6 
126.2 14. II1I.4 20. 105.7 22. 
....1 128.9 8.8 115.2 10.2 115.2 10.2 
143.5 17.1 123.1 14.9 122.2 13.7 
4 140.6 16. 121.4 18.7 116. 15.5 
128.3 19.6 102.5 24.1 102.5 24.1 
110. 13.7 84.6 18.9 77.5 22.1 
«...| 28 134. 19.4 114.9 16.1 98.1 29.6 
138. 25.5 122.1 21.4 110.4 20.9 
138.3 16.11 120.5 16.1 110.5 21.6 
sss.) 131.3 10.6 115.8 12. 109.2 15.2 
118.8 12. 100. 11.2 89.5 21. 
118.2 6.88 04. 13.5 69.7 38.3 
Averages _| 1.8 | 1379 | 1802 | 1202 | 19.7 | 110.4 | 
4 of 1000. There are very few times above 1300. This curve is 
} very sharp in form and shows a good concentration in the region 
| indicating a motor type of reaction. It also shows a reduction in 
: the average time between the first and second halves of the whole 
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Reactor W.—Frequency curves of the reaction times. Curve A. shows the 
frequency curve for series I-XI. Curve B. shows the frequency curve for 
series XII-X XIII. Curve C. shows the frequency curve for series I-XXIII. 
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series. Curve C combines the two previous curves. The times 
are very well concentrated in the region between goe and 1300. 
These curves tally with my introspections that except in the cases. 
of distraction from without, the attention was of the motor type. 
The increase in the average reaction times in series II, VI, XIII, 
XVII and XVIII was due to the appearance of one or two long 
reaction times which occurred at times of partial distraction, 
rather than to a general altered state of attention in these series. 

The average mean variation for the entire series is 19.7. This 
is somewhat larger than that of the other reactors after practice. 
Leaving out the first six series, which contain some of the largest 
mean variations, the average mean variation is 17.5. The mean 
variation reaches its lowest point, 10.2, in series XII. The largest 
single mean variation is in series II (48.7). 

Qualitative Results —Only twenty-two series are reported in 
the study of the forms of movement. In series XII no pressure 
curve was recorded, owing to an error on the part of the operator. 
A summary of the forms of movement in the whole twenty-two 
series and in the first six series, separately, is given in Table XI. 

A general survey of the entire series shows that the records are 
usually very steady, especially in their earlier parts; that there is 
little change at the warning signal and that the final movement is 
mostly of the sharp type. Three-fourths of the records are level 
before the warning signal, showing a steady, even pressure. 
Nearly all of the remaining records, 87/409, increase the pressure 
in this period. In over half of the cases there is no change at the 
warning signal, 228/409. Where a change occurs it is usually 
from an increased or even pressure to a decreased pressure. In 
half the cases the line is level after the warning signal; in one- 
fourth the pressure is decreased and in one-fifth of the cases it is 
increased. There are only a very few cases of waviness in this 
period, 25/409. Towards the end the number of cases of level, 
steady pressure, has decreased to 166/409. The number of cases 
of a rise has increased, 113/409, as has also that of a fall, 97/409, 
and that of waviness, 43/409. Nearly two-thirds of the final 
reaction movements are of the sharp types shown in types B,** 
C,** and D,** Fig. 16. Only one-sixteenth of the total is of the 
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Reactor W.—Pantograph reductions of the pressure curves. 
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gradual type, 1.** Nearly one-fourth are antagonistic, most of 
them, however, of the slight type, E.** There are only seven 
cases of marked antagonistic reaction type, J,** and only seven 
of the gradual antagonistic type. There are nine double reactions 
of types G** and H.** 

Since the first six series differed so much from the remaining 
ones, they were summarized independently in order to see to 
what extent the forms of movement found in them changed the 
character of the total summary (see Table XI). Their chief 
influence is seen in relation to the final reaction movement. Only 
one-sixth of the total number of sharp reactions and one-eighth 
of the total number of gradual reactions appear in these series 
(which contain, however, more than one-fourth of the reactions 
of the entire twenty-two series qualitatively analyzed). It is in 
the number of antagonistic reactions that the greatest difference, 
however, occurs. More than one-half, 57/97, of the antagonistic 
reactions appear in these six series. This leaves only thirty-five 
slight antagonistic reactions, two marked and three gradual 
antagonistic reactions outside of the first six series,—a total of 
forty in 301 reactions. This bears out the conclusion already 
reached in the cases of the earlier reactors, that fewer antagonis- 
tic and more sharp reactions occur as the reactions become more 
motor in type. The curve plotted in Fig. 17 shows how the 
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Reactor W.—Frequency curves showing the relation between the number of 
antagonistic reactions and sharp reactions through the series. Curve A. 
shows the frequency of the antagonistic reactions; Curve B. shows the fre- 
quency of the sharp reactions. The number of antagonistic reactions is 
decreased and the number of sharp reactions is increased through the series. 
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number of antagonistic reactions decreases and the number of 
sharp reactions increases through the entire series. 

The forms of the final reaction movement were also distributed 
according to the character of the attention. The sharp reactions 
occurred at times of normal, motor attention, except in eighteen 
cases. Thirteen of these exceptions came at times of lowered 
attention and five at times of sensory attention. A careful distri- 
bution of the slight antagonistic forms of movement shows that 
of the thirty-five cases which occurred in series VII-XXIII, 
twenty-three came at times of special effort and fast reaction 
times; nine occurred at times of lowered attention and three at 
times of very irregular pressure towards the end. The two 
marked antagonistic reactions occurred when there was an attempt 
to check a reaction before the stimulus. All of the cases of 
double reactions occurred with introspections of “reacted too 
soon.” The nineteen gradual reactions were due to two causes. 
In nine of the cases there was an anticipation of the stimulus 
which resulted in an extreme preliminary rise, giving the final 
movement a gradual form. This type we have already noticed 
in the motor series of reactor M. In the remaining ten cases the 
attention was distracted and the movement was very slow, the 
time likewise being slow. 

The types B,** C,** and D,** in Fig. 16, show three different 
forms of the sharp reaction movement. Type D** occurs with 
medium motor attention and medium reaction time. In such a 
reaction there is no extreme muscular preparation. In type C*¥* 
the extreme type of motor attention is present, together with an 
extreme degree of muscular preparation, which takes the form of 
an increased innervation of the extensor muscles resulting in an 
increased downward pressure on the key. In type B** there is 
the anticipation of the stimulus accompanied by a muscular 
preparation of the opposite type,—a gradual inhibition of the 
extensor muscles resulting in a decrease in pressure on the key. 

At the close of the motor series and after an interval of nearly 
three months, three series were taken with the attention on the 
stimulus. The average time for the sixty reactions was 1772, 
with a mean variation of 29. The frequency curve of the 
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reaction times is given in Fig. 18, and shows a wide distri- 
bution of times between 1300 and 2000, with scattering times 
from 1100 to 2700. This curve is very characteristic of a sensory 
type of reaction in its early stages. A detailed comparison of the 


Reactor W.—Frequency curve of the reaction times in the sensory series. 


sensory with the motor times is of little significance Decause of 
the small number of sensory reactions. I found it very difficult 
to keep my attention consistently on the stimulus during these 
reactions, since all my training had been in the other direction. 
In the motor series it turned directly, when the electric motor was 
started, to a muscular preparation for a rapid movement. In the 
sensory series the attention went first to the warning signal; after 
the warning, to the coming stimulus; and often, after the stimu- 
lus; to the reacting finger. 

Qualitative Results—Sensory Series—The summary of the 
forms of movement occurring in my three sensory series is given 
in Table XII. This summary shows the same characteristics 
found in the sensory series of the other reactors and differs from 
my Own motor series in many marked respects. In the period 
before the warning, in nearly two-thirds of the reactions, there 
is an increase in pressure, while only one-sixth is level. In 
marked contrast to the motor series, all but six of the records 
show a change in pressure at the warning signal. In the motor 
series more than one-half of the records were level after the 
warning, and of the remaining there were many more examples 


of decreased than of increased pressure. In this sensory series 


more than one-half of the records have an increased pressure 
after the warning, while one-quarter are level and only one-tenth 
have a decreased pressure. There are almost no examples of 
waviness in this period. Towards the end of the record nearly 
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one half show an increased pressure (as against less than one- 
fourth in the earlier series), one-quarter have a decreased pres- 
sure and one-sixth are level. No reactions before the stimulus 
occur. The number of final reaction movements is divided nearly 
equally between the sharp type of reaction, 28/60, and the antag- 


TABLE XII.—Summary of forms of movement. Sensory series. 


Reactor W. 
Key Series No. I Total 

9 14 13 36 
Level before warning ..........eceseees 5 3 2 10 
ING Ot 2 2 2 

Marked rise after warning .............. 
Medium rise after warning ............. 2 I I 4+ 8 
Slight rise after warning ................ 2 I I 4 
Marked fall after warning .............. oO I I 2 
Medium fall after warning .............. 3 7 2 12 ?35 
Slight fall after warning ............... 9 4 8 21 
3 6 15 
Marked rise towards end ............... I 2 2 5 
Medium rise towards end ............... 2 4 2 8 +14 
Shght rise towards end I I 
Marked fall towards end ............... 2 I I 4 
Medium fall towards end ............... 4 4 4 12 + 27 
Reacted before stimulus ............... 
10 10 8 28 
EF LEE 2 3 3 8 
Slight antagonistic reaction ............ 4 6 6 16 
Marked antagonistic reaction .......... O +24 
Gradual antagonistic reaction .......... 4 I 3 8 
Ee Te | 20 | 20 | 20 | 60 


onistic type of reaction, 24/60, as against a ratio of three to one 
in the motor series. Of these antagonistic reactions 16/60 are 
of the slight and 8/60 of the gradual type. There are no marked 
antagonistic reactions and no double reactions. A comparison of 
the forms of movement with the introspections shows that an 
increased pressure after the warning and towards the end, with 
a slight antagonistic reaction movement, accompanies a normal 
sensory attention and a normal sensory reaction time. Reactions 
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of the delayed sensory type having times over 2000 are accom- 
panied almost always by the gradual type of antagonistic reaction. 
Of the twenty-eight sharp reactions, thirteen occur at times of 
motor attention, five at times of delayed sensory attention, and 
ten at times of apparently normal sensory attention. 

The difference in the effect which the warning signal had in the 
different series is easily explained by my difference in attitude 
towards the warning. In the motor series I paid little attention 
to the warning signal, but began my muscular preparation for 
the reaction with the starting of the electric motor. In the 
sensory series I always waited for the warning signal before 
turning my attention to the stimulus. This change in the direc- 
tion of attention was accompanied in nearly every case by a change 
in the character of the pressure. | 

Summary.—A study of my series has shown in general the 
same results which we found in our study of the other reactors, 
namely : 

1. That no change in the form of movement due to practice 
can be discovered as the series progresses. 

2. That definite changes in the form of movement accom- 
pany changes in the direction and the amount of attention. 

3. That the forms of movement found more extensively in 
the sensory series occur also in the motor series with sensory 
attention or with lowered attention. 

4. That an increase in pressure throughout the record and 
an antagonistic reaction is very characteristic of the sensory type 
of reaction, while a steady pressure or a decrease in pressure 


throughout the record and a sharp reaction is very characteristic 


of the motor type of reaction. 


REACTOR J. 


Reactor J. was a trained reactor who had little difficulty in 
concentrating his attention on either stimulus or movement. The 
attempt was therefore made to establish as clearly as possible a 
difference in attitude between the two types of reaction. Two 
series of reactions, one motor and one sensory, were taken each 
day, the order of sequence being varied from day to day. Ten 


7. 
2 
é 
te 
2 
4 
be 
a 
4 
| 
| 
| 
} 
7 
4 


ANALYSIS OF FORMS OF REACTION MOVEMENT 129 


series, comprising 167 reactions, were had with the attention on 
the movement and nine series with the attention on the stimulus. 
Pressure records were obtained for only eight of these latter 
series (see Table XIV), totalling 120 reactions. 

The quantitative summaries for these two types of reaction are 
given in Table XIII, and frequency curves for the reaction times 
in Fig. 19. Curve A gives the frequency distribution of the 


Fis.19 | 
Reactor J.—Frequency curves of the reaction times in the sensory and ) 
motor series. Curve A., motor. Curve B., sensory. 


times in the motor series. It shows a very good concentration 
in the region between 1200 and 1400. There are few scattering 
times either long or short. Curve B represents the frequency 
in the sensory series. It shows a typical curve for a sensory 
series in its early stages. There is a wide scattering of the times A 
between 1100 and 330c. There were a few even longer times, 
not shown in the curve. The greatest frequency lies in the region 
from 1500 to 2300. The curve seems to indicate that the sensory 
type of reaction was not a natural one for this reactor who, | 
however, believed it to be the more natural. i; 

The average reaction time for the ten motor series was 135¢, ie 
with a mean variation of 20. This is a slightly longer time 
than that obtained in any of the other motor series. The average 
for the nine sensory series was 2150, with a mean variation of 
46. This is also a somewhat longer average time than that 
obtained from the other reactors. The large mean variation was 
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due to the numerous delayed sensory reactions, caused by the 
great absorption of the reactor’s attention in the stimulus. 

In the first two of the sensory series the intensity of the 
stimulus was varied slightly from reaction to reaction, and the 
reactor was asked to state after reacting whether the stimulus 
appeared louder or softer than normally. This was done to aid 
him in keeping his attention on the stimulus. In the next three 
series the reactor was tola not to pay so much attention to the 
change in the intensity of the stimulus. In the last four series the 
intensity of the stimulus was not changed. The changes in the 
intensity of the stimulus had little effect on the reaction time or 
the character of the movement. 


TABLE XIII.—Average times and mean variations 
Reactor J. 


Motor Series 


Chronoscope Corrected Movement began 
| Warning | | 
Time Time Time Time 

No. of Series | seconds| Sigmas Var. sigmas Var. sigmas Var, 
errr 1.8 168 22.2 157. 24.4 140 11.7 
ee 1.6 152 13.8 141.8 15.2 133 9.5 

ae 1.5 144.2 21.1 127. 17.2 125.4 16. 
oe Gaus 1.5 160 21.1 151.4 20.1 138.8 22.7 
1.3 157.1 18.4 139.3 25.2 126.7 26.6 
, | re 1.2 132.8 17.8 115.9 26.9 110.3 21.8 

144.4 12.8 122 26.6 120.2 29 
WEE Seas 1.4 146.2 12.2 134.4 13.3 122.5 17.5 
Fee 1.2 140 11.8 139.7 12.1 100.7 23.6 
| 36 - 23.6 119.5 24.7 110.4 24.2 


Averages | 1.5 | 146.6 | 17.4 | 1348 | 205 | 123.7 | 203 


Sensory Series 


| | Chronoscope | Corrected | Movement began 
Warning | 
Time Time Time Time 
No. of Series | seconds| Sigmas Var sigmas | Var. sigmas Var, 
| 
Rcasies 1.3 275.5 88.5 269.1 89.2 223.5 86.3 
a 1.5 253.6 70 236.3 60.5 192.8 63.4 
wh 1.4 180 14 163.9 18.1 142.9 16.3 
5 See 1.4 246 44.2 237.5 45.9 183.4 39.5 
eS 1.3 217.5 48.7 202.4 50.5 175.8 38.3 
Wh waves 1.3 225.3 46.7 217.5 47.9 177.3 36.1 
i ae 1.4 222 36.4 216.5 33.8 161.9 16.5 
| 1.3 204 41.6 199.5 40.4 177.4 40 

ee 1.3 200 32 197 28.4 144.8 15.7 


Averages | 1.3 | 2248 | 460 | 2155 | 46 | 175.5 | 30.1 
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Qualitative Results—Motor Series—A summary showing the 
forms of movement in the motor series is given in Table XIV. 
Records for fifteen of the reactions, reported in the qualitative 
summary, do not appear in the quantitative summary since they 
were reactions before the stimulus. There is a large number of 
cases of decrease in pressure, 74/167, as well of uniform pressure, 
62/157, before the warning period, and almost no cases of in- 
crease in pressure, 9/167. There are a few cases of waviness, 
22/167. There are no cases of increased pressure before the 
‘warning in the last four series. In almost every case the warning 
signal had a marked effect upon the amount of pressure,—a de- 
crease lasting until the end of the record, 127/167 cases. There 
were but 12/167 cases in which the pressure was increased slight- 
ly after the warning signal, only a few cases of steady pressure, 
22/167, and very few of waviness, 9/167. Towards the end of 
the record there is less uniformity. The cases of decrease in 


pressure are still the most frequent, 61/167, those of uniform 


pressure come next, 49/167, and those of an increased pressure 
next, 30/167. The cases of waviness have increased in this 
period, 28/167. 

Nearly two-thirds of the final reactions are of the sharp type; 
one-third are antagonistic; while of the remainder, 12/167 are 
of the gradual type, and 4/167 of the double type. Of the an- 
tagonistic reactions 35/167 are slight, 17/167 marked, and 5/167 
gradual. The introspections show that the gradual antagonistic 
reactions occur at times when the reactor checked a desire to 
react before the stimulus. The double reactions occurred when 
he endeavored to check a stronger desire to react before the 
stimulus. In two of the four cases of double reactions, the 
attempt was not successful. A second and even a third partial 
reaction occurred before the stimulus. Of the seventeen marked 
antagonistic reactions, fourteen occurred at times of lowered at- 
tention, one with the attention on the stimulus, and the other two 
when the introspections stated that the attention was good... Of 
the thirty-five cases of slight antagonistic reactions nineteen 
occurred at times of lowered attention and one with the attention 
on the stimulus; the remaining fifteen occurred with good motor 
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attention and fast reaction times. One of the cases of distraction 
is interesting. The operator noticed that no antagonistic reactions 
had occurred in the first nineteen reactions of a given motor 
series. Just before reaction No. 20 he asked the reactor if he had 
noticed any antagonistic tendencies during the series. The reactor 
stated that he had not. In reaction No. 20 occurred the only 
antagonistic reaction in the series. The reactor did not, however, 
record any distraction. 

Summary.—We find then, that in the majority of cases a defin- 
ite form of reaction movement accompanies the motor type cf 
reaction; that in many cases in which there is a departure from 
this type of movement there is also a change in the character of 
the attention ; that the form of movement in the motor reaction is 
a steady decrease in pressure in the period before the stimulus 
and a simple sharp rise in response to the stimulus. 

Qualitative Results—Sensory Series —The summary sheet of 
the forms of movement in the sensory series (Table XIV) shows 
many points in marked contrast to those found in the motor series. 
Of the records 58/120 are level before the warning, while only 
43/120 rise slightly. There are but few cases of an increase in 
pressure, 10/120, and of waviness in this period, 9/120. There 
are not as many cases of change in the character of the pressure 
at the warning signal as in the motor series, although 98/120 of 
the records show a slight change at this point, different in type, 
however, from that observed in the motor reactions. Of in- 
creased pressure after warning there are in the sensory series 
30/120 as against only 12/167 cases in the motor series; of uni- 
form pressure, 39/120 against 22/167; and of decreased pressure 
but 44/120 in contrast with 127/167 for the moter series. These 
decreases in the sensory series are, furthermore, very slight. It is 
apparent, then, that there is a much greater tendency towards 
greater pressure, in the period after warning, than there was 
in the motor series. Towards the end, 59/120 of the records are 
level, 32/120 show increased and only 22/120 decreased pressure. 
There is almost no waviness in this period, showing little antici- 
pation of the stimulus, 7/120. 

Of the final reaction movements 98/120 are antagonistic and 
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of these a large majority, 72, are of the marked type; 16/120 
are slight, and 10/120 are gradual antagonistic reactions. There 
are only 3/120 gradual reactions, all of which appear together in 
one series. There is only one double reaction, which occurs in 
the same series. After this reaction J. stated, “Motor attention.” 

The introspections concerning the sharp reactions, 18/120, do 
not help us much in explaining the reason for their appearance. 
Twelve occur with introspections of “Sensory, fast’’; five occur 
with introspections of “Sensory, slow”; one occurred at a time 
when the attention was on the movement. 

Summary.—t. There is a fairly definite type of movement 
associated with the sensory type of reaction. 

_ 2. This movement consists typically in a uniform pressure or 
an increase in pressure in the period before the stimulus and an 
antagonistic reaction movement in response to the stimulus. 
When decreases in pressure occur the amount of decrease is 
very slight compared to that in the motor series. 

Discrimination Reactions.—At the end of these series one series 
of the discrimination type was taken, in which the reactor was 
told to react to the sound of an electric hammer on his left and 
not to react to one on his right. The average reaction time of 
the nine reactions was 3150, with a mean variation of 42. The 
same characteristics found in the sensory series appear in the 
discrimination series, but, particularly in the character of the 
final reaction movements, to a more marked degree. There are 
no sharp reactions. Seven of the reactions are of the marked 
antagonistic type, one is a slight antagonistic reaction, while one 


is a gradual reaction. In this discrimination series, then, in 


which the attention of the reactor was even more removed from 
the speed of the movement than in the simple sensory series, the 
reaction movement is more markedly of the antagonistic form. 


IV. GENERAL DISCUSSION AND CONCLUSIONS 


_ Smith (5) was interested in the form of final movement made 
by the reactor in response to the stimulus and in only one form ot 
it—the antagonistic. Judd, McAllister and Steele (3) extended 
the study to an analysis and classification not only of the forms 
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of final movement, but also of the types of movement made in 
the period of preparation and adjustment preceding the stimulus. 
Since this work was the first of the kind, the authors concerned 
themselves with a determination of what forms of movement 
there were rather than with a study of the conditions under which 
they occurred. They did not, however, as they themselves say 
(p. 168), get enough records from the different reactors to yield 


a satisfactory classification of the forms of movement according 


to individuals. In the present investigation, we have endeavored 
to classify the forms of movement according to the individuals 
and in relation to types of attention and to reaction times. In 
almost every case the reactors themselves knew nothing in detail 
of the object of the investigation. 

In the general discussion of results which is to follow, while 
we believe that the conclusions reached are based on very clear 
evidence, both introspective and objective, and hold, therefore, 
for our particular reactors under the conditions imposed, we do 
not, of course, claim for them universal application. They do, 
however, throw considerable light on the problem of “reaction 
types” and show the sort of results which may be expected in this 
field of investigation. More than this they throw light on differ- 
ent types of reaction in the same individual. 

The main conclusions which we have reached thus far may be 
summarized as follows: 

1. In the practice series in which the reactors received no 
instructions except to remove the finger from the key on hearing 
the stimulus, the reaction times and the mean variations were 
decreased. The changes in the form of the reaction movement 
were found to correspond with definite changes in the amount 
and in the direction of the attention. There was also often a 
marked correspondence between the changes in form of move- 
ment and those in the reaction times; the times as well as the 
attention varied, that is, with the form. 

2. In those series in which the reactors were trained to react 
in the sensory or motor manner, a marked difference was found 
between the forms of movement in the two types of series. 

a. In the typical motor reaction, the pressure was decreased 
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from the warning signal to the beginning of the final reaction 
to the stimulus; this final reaction movement was a simple, sharp 
rise. 

b. In the typical sensory reaction the pressure was either uni- 
form or increased from the warning signal to the beginning 
of the final reaction movement, which was then most often antag- 
onistic in form. 

3. The same forms of movement which appear as typical in 
the sensory reactions were found also in the motor series at times 
of lowered attention, of unintentional sensory attention or of dis- 
traction; for example, the final antagonistic reaction occurred, 
in motor series, when the attention deviated from a preparation 
for the final movement. 

4. The same forms of movement which appear as typical in 
the motor reactions were found in the sensory series when the 
attention was turned unintentionally tewards the movement. 

5. The average correction in the reaction time which had to 
be made for the antagonistic form of movement was 300. 

6. Very clear proof was found in the investigation that there 
were types of reactors. This difference in type involved nct only 
the type of attention and the reaction time—the criteria of earlier 
investigators—but also the form of the movement. 

In order to bring out these conclusions more clearly, we will 
take up a discussion of the different forms of movement occurring 
in the different periods of the reaction, showing how each of | 
these forms of movement is related to the consciousness of the 
reactor and to the reaction times. 

In the period before the warning, four types of movement 
were considered ; a decrease in pressure, an increase in pressure, 
a steady pressure, and a variable pressure (giving a wavy line). 
Judd, McAllister and Steele found the cases of waviness the most 
frequent, of steady pressure next, with an increased and a de- 
creased pressure following in the order named. The authors ex- 


plained this on the ground that a wavy line represented a passive 


state in which no active tendency showed itself. In our records 
the wavy lines did not appear as often in this period as the level 
lines or the increases in pressure. This can be accounted for per- 
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haps by the different conditions under which the experiments 
were performed. In the earlier work the drums carrying the 
smoked paper were rotated by hand. The subject would then 
not be aroused to any definite mental attitude until the giving 
of the warning signal. In our investigation the drums were 
turned by means of an electric motor and the beginning of a 
given record was marked by the starting of this motor. Although 
the motor caused little distraction, yet it placed the reactor in 
a more definite attitude of expectancy from the very first. This 
attitude was, in the case of one reactor, so noticeable that he 
asked why a second warning signal was used and stated that he 
paid no attention to the warning given by the telephone, since the 
starting of the motor acted as a warning. This the writer 
found to be true in his own case, the starting of the motor initiat- 
ing a positive state of preparation which increased in intensity as 
the time for the stimulus approached. With most of the reactors, 
however, the period before the warning was one of waiting for 
the warning or of bodily and mental adjustment to the conditions 
of the experiment in general. In our discussion of the reactors 
in Part III, we laid little emphasis on the forms of movement 
in this period because the reaction period was usually not fairly 
begun until after the warning signal sounded. 

At the warning signal the records were classified according to 
whether there was a change or no change in the pressure at this 
point. No attempt was made to classify in the tables the differ- 
ent forms of change. The important thing was to note that a 
change took place. As we have seen, in the case of every reactor 
except myself, some form of change occurred in the majority of 
records. In the discussion of the individual reactors we have 
stated what the nature of it was. 

Summing up the individual statements, we find that the change 
in the pressure at the warning signal takes two forms. In the 
first place the signal seems to produce a slight “start” on the 
part of the reactor which shows itself in the record by a sudden 
change in the direction of the line and a quick return to the same 
or a different level. This change has the appearance of a small 
trough caused by a slight antagonistic movement or a low wave 
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caused by a slight upward movement. Whether the niovement 
is upward or downward seems to depend on the mental attitude 
and the muscular preparation of the reactor. If his attention and 
muscular attitude are already concerned with a preparation for 
the final reaction movement, the upward movement results. If 
his attention and muscles are simply concerned with holding down 
the key, the slight antagonistic movement results. 

In the second place, the warning signal starts a definite and 
more permanent, though gradual, alteration in the degree of pres- 
sure, succeeding the brief trough or wave just mentioned. If the 
reaction be motor, this usually takes the form of a gradual de- 
crease in pressure up to the arrival of the stimulus. If the re- 
action be sensory, the change becomes ‘a gradual increase in 
pressure up to the arrival of the stimulus. These forms of 
pressure, introduced by the warning signal, receive more detailed 
discussions a little farther on. 

In his work on Reaction Time and Attention, Bliss (1) quotes: 
one of the reactors as saying: “Every warning is heard with a 
tendency to react.” This statement was not borne out by the 
introspections of my reactors. It was only in exceptional cases. 
that they were aware that the warning signal had produced any 
change in the pressure. Such cases occurred most often when the 
reactor’s attention was wandering, the warning signal serving to 
bring back the attention suddenly to the problem before him. The 
records in such cases show marked partial reactions to the warn- 
ing signal. Aside from introspective evidence, however, my 
results give an element of confirmation to Bliss’s statement, since 
in nearly every case the warning signal did cause a partial reac-. 
tion or a change in pressure. But the number of changes was as. 
great for the sensory as for the motor type. 

If the period before the warning may be called one of general 
adjustment, the periods after the warning may be called periods. 
of expectancy. Here, as in the period before the warning, the: 
records were divided into those showing increased pressure, de-. 
creased pressure, steady pressure and varying pressure (wavy 
line). A decrease in the pressure seems, as indicated above, to- 
characterize a growing mental and muscular preparation on the: 
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part of the reactor for the final upward movement which he is 
soon to make. There were 760! such cases of decreased pressure 
in the period immediately following the warning. Over one-half 
of these were of the slight type, and 704 of them occurred in 
the motor reactions. 

In the cases of increase in pressure the reactor’s attention, 
which at the outset had been turned towards holding the finger 
on the key, is, at warning, shifted towards the expected stimulus. 
The muscular preparation of holding the key down is, however, 
continued, the sensations of the finger on the key tending re- 
flexly to maintain and even increase the downward innervation. 
It does not appear to be a definite, voluntary preparation for a 
quick reaction, for the reactor’s attention is directed away from 
the movement towards the coming stimulus. This is shown by 
the fact that most of the 296 cases of increased pressure occurred 
in the sensory reactions. Over half of them were of the 
slight type. 

I am inclined to accept the conclusions of Judd, McAllister and 
Steele, that a level line indicates “a form of expressive activity.” 
and not mere neutral passivity. It may occur in either the sensory 
or motor types of reaction, but the introspections show that it is 
less likely to appear when the attention is distracted or lowered. 
Its most frequent occurrence is in the motor reactions when the 
subject is not preparing to react as quickly as possible. A certain 
amount of muscular preparation takes place, but involves only 
sufficient innervation to maintain a constant position. I do not 
suppose that we can regard such an innervation as consisting of 
an equal innervation of both sets of antagonistic muscles, in view 
of the work of Sherrington (4), causing a rigid equilibrium of 
oppesing forces, but rather as an innervation of one set of mus- 
cles, in this case the extensor muscles, uniformly maintained. 
The evidence shows that in the motor reactions of the level type, 
the attention is fixed then, either on the coming final movement, 
the accompanying muscular preparation not being sufficient to 
give rise to a preliminary upward movement; or on the finger, in 


1In the following summaries the results of two reactors are included 
which were omitted from the discussion because of lack of space. 
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which case the muscular activity is involved in an effort to hold 
the finger in place. 

In the sensory reactions, the attention of the reactor is on the 
coming stimulus. Since at the outset, however, as already de- 
scribed, the train of motor impulses required to hold the finger 
on the key had been started, this downward innervation would be 
reflexly kept up because of the constant pressure of the key against 
the finger. If, as with reactor H., this upward pressure of the 
key did not seem to furnish a sufficiently firm foundation, the 
pressure of the finger would be constantly increased. If the 
finger felt secure upon the key, a constant and uniform pressure 
would result. 

The total number of level lines in the period after warning 
was 830. We do not mean, of course, absolutely level lines, as 
though drawn with a ruler. There is always more or less slight 
change in pressure and slight undulation. The lines do not, 
however, show any more than just noticeable irregularities. 

The introspections show that a wavy line in this period some- 
times occurred because the reactor was aware of a start at the 


warning signal and endeavored to regain his equilibrium. Some- 


times it occurred when the attention was distracted or lowered. 
There are 305 cases of such wavy records. 

The total period between the end of the warning signal and 
the beginning of the final reaction movement in response to the 
stimulus was, it will be remembered, divided into “the period after 
warning” and that “towards the end,” the latter referring to that 
part of the curve just preceding the final reaction. We will now 
take up this period, “towards the end.” In it a rise of the curve 
meant in almest every case a mental and muscular anticipation 
of the stimulus. It is in the motor reactions that this form of 


_-movement is most characteristic. The attention of the reactor 


had been on making a quick reaction. If the stimulus was de- 
layed, or if the motor attention reached a climax too soon, a 
gradual upward movement was begun. This movement was not 
fast enough to break the circuit. Such a preliminary rise did not 
occur as often in the sensory reaction. Where it did occur it 
could frequently be explained by attention on the movement. 
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_ Where this was not possible, it was found in many cases to be due 
to such causes as irregularities in the pressure, or waves, rather 
than to a positive tendency to react. In all, there were 687 
cases of a rise towards the end; 519 of these occurred in the 
motor series. 

The cases of fall towards the end occurred most frequently in 
the sensory reactions. Here the reactor’s attention was on the 
coming stimulus and the muscular activity was involved in holding 
the finger on the key. Many of the instances preceded a final an- 
tagonistic movement in response to the stimulus. Where cases of 
a fall occur with the motor reaction, they were found either at 
times of sensory attention or distraction, or else were due to 
marked irregularities in the pressure. There were 512 cases of a 
fall towards the end, of which 274 occurred in the sensory series. 

There were 937 cases of a level line towards the end. Why 
should there have been a greater tendency for this line here than 
in the period after the warning? In studying the records, one 
fact became readily noticeable. In many records, regardless of 
whether the earlier parts had risen or fallen or had been wavy, 
there appeared this short, level piece of record. It seems possible 
by comparing the pressure here with the introspections to explain 
this on the supposition that with the imminent approach of the 
stimulus both the extensors and the antagonistic flexors were 
innervated to the mutual degree required for equilibrium. There 
did not seem to be introspectively any decrease of muscular inner- 
vation, but rather a firm setting of the muscles in preparation for 
the coming stimulus. 

Nor can the wavy lines towards the end well be related to a 
passive conscious state. They are the muscular accompaniment 
of anticipation of the stimulus and are entirely different in form 
from the earlier waves. These were irregular in length and in 
amplitude. They were due largely to irregular muscular changes 
of hand, arm or body. The waves occurring towards the end, 
however, were very uniform in length (about 100c) and in 
amplitude. That these waves were due to a more extreme degree 
of anticipation of the stimulus (accompanied by increased mus- 
cular innervation) than accompanied the level line is shown by 
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the introspections and by the fact that nearly all occurred in the 
motor reactions where the pressure towards the end was being 
decreased. Such a distinction is brought out in the case of re- 
actor J., in whose sensory reactions we find only seven cases 
of waviness at the end, while twenty-eight examples appear in the 
motor series. | 

What evidence can we furnish as to the type of reaction in 
which the premature reactions occur? Since only twenty-eight 


such reactions appear in the 2500 graphic records, they do not 


play a very important part in this investigation. Twenty-four 
of these twenty-eight occurred in motor reactions’ when the re- 
actors showed specially strong muscular preparation and when 
their introspections recorded an extreme anticipation of the stim- 
ulus, usually because of a delayed stimulus. This seems to 
conform to the results of the majority of investigations in this 
field. 

We turn now to a brief discussion of the final reaction move- 
ment. The sharp reaction represents the simplest possible type,— 
the quick lifting of the finger from the key in response to the 
stimulus. It occurs 1402 times, which is more than half the 
total number of reactions. As we have seen, this form of reaction 
appears most frequently in the motor series, 1144 times, leaving 
only 258 cases in the sensory series. Many of these latter have 
already been accounted for, by the introspections, as occurring 
when the attention had shifted to the movement. Our results 
do not by any means warrant the statement that a simple, sharp 
reaction will occur only when the attention is turned towards the 
movement. They do, however, mean that it is more likely to 
appear in the motor reaction. Further work with subjects more 
thoroughly trained may show that it will always occur in the 
motor reactions if no distractions appear. 

Under this head of sharp reactions we have undoubtedly 
classified many different forms of movement. It represents, 
however, some such class as a biological species. Each of the 
individuals differs in some detail, hut they all possess the 
majority of characteristics in common. These individual differ- 
ences are related to the form of the movement just preceding 
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and to the rapidity of the movement itself. A sharp reaction 
terminating a fall in the line presents an entirely different ap- 
pearance from one terminating a rise or a level line. A sharp 
reaction made in 1000 differs from one made in 1400. 

On the physiological side, we may assume, since a great 
niajority of the sharp reactions (1144/1402) occurred in reactions 
of the motor type, in which the preparation was for the final 
upward movement, that the retractor muscles were partially in- 
nervated and the corresponding extensors partially or wholly 
inhibited. The motor nerve paths to the retractors were, then, 
the more open when the stimulus came, so that the additional 
innervation went directly into these motor paths, causing the 
quick lifting of the finger from the key. In the cases of a rising 
line preceding the advent of the stimulus, characteristic of motor 
reactions, the upward movement had actually begun, giving an 
emphasized preparation for the final release into a sharp reaction. 

There has been a great deal of discussion as to whether the 
motor reaction is a brain reflex or not. Our results may seem to 
point towards that view, and yet we must go one step further 
back and not leave out of account the period of expectancy and 
preparation preceding the final reaction in which the particular 
“set” for subsequent innervations and inhibitions is given. The 
first step of mental and muscular preparation would, in such 
event, be necessary to produce the second step of “reflex” action. 
This explanation accounts also for the fact that the simple, sharp 
reaction movement occurs more often in the motor reactions. It 
seems reasonable, too, to expect that wherever the motor type of 
attention exclusively prevails, the sharp reaction movement will 
occur. That it did not always appear at times when the reactor 
thought his attention wholly on the movement might be inter- 
preted as due to faulty introspection, although, in the absence of 
fuller evidence on this point, I shall not insist on such an inter- 
pretation. And yet all who have taken the part of reactor in 
such a series of reaction experiments know how easy it is for 
the attention to shift to the stimulus at the last instant in a motor 
reaction or to the finger in a sensory reaction. When we add 
to this possibility of mixed attention the many chances for dis- 
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traction, from either inner or outer causes, it seems almost strange 
that our results should be as uniform as they are. 

No fine line can be drawn between what we have called the 
sharp reaction and the gradual reaction. It would be possible to 
find in the records of all the reactors a complete series showing 
gradual transitional forms from the most extreme form of sharp 
reaction to the most extreme type of gradual reaction. Only 
those reactions which are clearly of the gradual type have been 
included under this head. They may, as seen, be due to three 
different causes: 

First, to a slow upward movement of the hand in response to 
the stimulus. This is the most usual type of the gradual reaction. 

Second, to marked waves in the period just preceding the final 
movement, this movement constituting the ascending phase of 
one of the waves. 

Third, to a rise in the line just preceding the stimulus, so 
rapid that it forms an obtuse angle with the final upward move- 
ment made in response to the stimulus. This latter form is rare 
and occurs almost entirely in the motor series of reactors 
M., W. and J. 

The second form arises when the stimulus accidentally occurs 
at such a point in the already existing wavy line as to allow the 
final reaction movement to coincide with the upward phase of a 
regular wave. It is not, certainly, due to any lowering of the 
attention, since it often occurs when the reactor is actively antici- 
pating the stimulus. The first form may be accounted for in two 
ways. It occurred most often in the first few series of each 
reactor when he was establishing the connections between the 
stimulus and the proper response. The times in these cases were 
long. Where it appeared in the later series it occurred at times 
of complete distraction or of very marked lowered attention. At 
such times the reactor raised his hand very gradually and the 
time was correspondingly lengthened. There were 204 cases of 
gradual reactions, 170 of these occurring under the conditions 
last described. 

Forty-one cases of double reaction appear. Twenty-nine occur 
in the motor series, leaving only twelve for the sensory series. In 
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these twenty-nine cases the introspections show anticipation of 
the stimulus. The impulse to react, involving a decrease in pres- 
sure, is strong enough to start a premature reaction which is, 
however, realized and checked until the stimulus arrives, when 
the second and full reaction takes place. The varying forms 
assumed by this type of reaction depend on the extent to which 
the first reaction was allowed to go before being checked, and 
also on the length of time between this preliminary reaction and 
the stimulus. In the case of complete premature reactions there 
is no tendency contrary to the impulse to react that is strong 
enough to evoke a realization that the reaction is under way until 
the complete reaction has occurred. 

The antagonistic reactions have now to be considered. It 
may be well at the beginning to call attention to a slight differ- 
ence in terminology between our work and the earlier work of 
Judd, McAllister and Steele (3). The authors there apply the 
term “gradual antagonistic movement” to the cases of increased 
pressure after the warning signal. They speak of the reactor’s 
preparing for the final reaction by an antagonistic movement. In 
this work it seemed better to confine the term “antagonistic” to the 
final reaction movement itself, occurring after the giving of the 
stimulus. Since some of the antagonistic reactions were sharp and 
some were gradual, the term “gradual antagonistic reaction” 
has been applied to the latter. We have distinguished then, three 
types of antagonistic reaction: the slight antagonistic reaction, 
involving a sharp downward movement of slight extent; the 
marked antagonistic reaction, involving a sharp downward 
movement of marked extent; and the gradual antagonistic re- 
action, involving a gradual downward movement, and yielding 
a U-shaped depression in the curve in contrast to the V-shaped 
depression of the other two forms. Of course, no sharp line can 
be drawn between the slight and the marked antagonistic reaction. 
Yet in the majority of reactions it was easy to distinguish be- 
tween them. The slight and the marked reactions do not shade 
into the gradual forms. 

This classification was based on the general appearance of the 
reaction curve, but a more careful study of these reactions in 
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relation to their introspections shows that they could be divided 
into four classes according to the conditions under which they 
occur. 

1. Normal antagonistic reaction: this is usually of the slight 
type, occurs most often in the sensory series, and constitutes the 
majority of the antagonistic reactions. 

2. “Start” antagonistic reaction: this occurs at times of 
extreme effort. The introspections show that the reactor’s atten- 
tion had been wandering or lowered and the stimulus brought the 
attention back with a start. It, too, occurred most frequently in 
the sensory series, and never in the motor series except under 
distraction. These antagonistic reactions are most often of the 
marked type. 

3. Wavy antagonistic reaction: this is a pseudo-antagonistic 
reaction, occurring at the end of a period of waves. Since the 
reaction comes in the trough of one of the waves, which 
is sometimes slightly exaggerated, it has the antagonistic 
appearance. 

4. Gradual antagonistic reaction: this form is due almos 
always to a slight attempt to react before the stimulus, which is 
checked just as the stimulus arrives. Had the stimulus been 
delayed an instant longer, this form would have assumed that of 
a double reaction. | 

Of these four classes, the wavy antagonistic reaction should 
doubtless be excluded, as is indicated in point 3 above. The 
wave after the signal is simply carried downward to a greater 
extent, and it would be difficult to say at what point the final 
reaction movement really began. It seems that only the first, 
second and fourth forms mentioned above may really be unam- 
biguously called antagonistic reactions. 

The experiments of Smith (5, pp. 56-57) to determine thé 
cause of the antagonistic movement were repeated (see, also pp. 
87-88, pp. 100-101 of the present article). Since it was not pos- 
sible to change the position of the spring key without considera- | 
able modification of the apparatus, these test experiments were 
taken with a large tabour. In all of them the reactor was re- 
quired to attend, as far as possible, to the expected stimulus. 
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In the first set of experiments, the tambour was placed verti- 
cally and the reactor, standing and facing at right angles to its 
surface, was required to place the back of his finger against it. 
When the stimulus occurred, he reacted by a horizontal movement 
with his arm involving the extensor muscles. The antagonistic 
phase of the movement still remained. The reactor next stood 
still fronting the vertical tambour which was, however, lowered 
so that the reactor’s arm might hang at his side. The back of the 
index finger was in contact with the tambour. The reaction 
consisted of a quick backward swing of the arm and hand, 
involving the extensors, which is perhaps the strongest normal 
movement of the arm, since it is the one used by the running 
or walking animal. The antagonistic movement still appeared. 

In another set of experiments the tambour was inverted. With 
the back of his finger against the rubber, the preliminary pressure 
being upward, the reactor responded to the stimulus by a simple 
downward movement of the hand. In the case of reactor W. 
the strain of keeping the hand pressed against the surface of the 
tambour was so great that very marked muscular waves appeared. 
With this procedure also the antagonistic movement still oc- 
curred, the reactors making a preliminary increased upward 
movement before the downward reaction. 

The experiment was then tried of allowing the reactor to rest 
his finger passively on the surface of the tambour when the latter 
faced upwards. the only pressure on the rubber being the weight 
of the hand and arm. The reactor was instructed to react by 
pressing downward. In this case no antagonistic movement oc- 
curred. Again, a variation was tried by instructing the reactor 
to hold his finger down upon the tambour with every muscle 
rigid. In one instance the reactor was instructed to react to the 
stimulus by lifting the finger, and, in another, by pressing down. 
The antagonistic movement once more appeared when the finger 
was lifted, but did not appear when the reactor responded by 
pressing downward. 

Let us briefly summarize, then, what we have found in regard 
to the antagonistic form of movement : : 

First, in the regular investigation the antagonistic movement 
occurred most often in the sensory series. 
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Second, when the antagonistic movement occurs in the motor 
series the introspections often indicate sensory attention, lowered 
attention or distraction. 

Third, the special experiments just described showed that in a 
sensory series the antagonistic reaction takes place with any set 
of muscles and in any position so long as the reactor, while pres- 
sing in one direction, reacts in the opposite direction. 

Fourth, that the antagonistic movement did not appear when 
the reactor placed his finger on an upward facing tambour and 
reacted by pressing downward, showed very clearly that this 
movement does not occur so long as the reactor presses in a given 
direction and reacts in the same direction. Titchener (6, p. 355) 
reports that he has likewise found this to be true. 

Fifth, the experiments in which the reactor held his finger on 
the tambour with every muscle of the hand and arm rigid and 
then reacted, showed by the presence of the antagonistic move- 
ment that it is no accidental fact of muscular twitching, but a 
significant physiological fact. 

Our physiological explanation of the phenomenon would then 
be similar to that advanced by Smith (5, p. 57). Where the 
antagonistic movement occurs, the muscles of the hand and arm 
have been, in our spring form of apparatus, innervated to hold 
the key down. When the stimulus comes, a sudden reflex inner- 
vation takes place along the line of least resistance, namely, into 
the open motor tract leading to the extensor muscles. This in- 
creased innervation of the muscles already innervated causes the 
antagonistic movement. The voluntary innervation of the re- 
tractor muscles then occurs, involving the inhibition of the 
antagonistic extensors, and the upward reaction mcevement 
follows. 

With this explanation it is easy to see why the antagonistic 
movement should occur in the sensory and not in the motor series. 


In the sensory reaction the muscles in the hand and arm are 


chiefly engaged in holding down the key and when the stimulus 
comes the additional innervation joins in with that already pre- 
dominating and causes the sudden movement in the existing 
direction of pressure. 
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In the motor reaction, contrariwise, the muscular preparation 
is for a quick upward movement. In many cases this movement 
is already begun before the stimulus arrives. When the stimulus 
comes, the sudden reflex innervation finds, therefore, the line of 
least resistance not along the motor nerve tracts to the extensor 
muscles, since these are already partially or wholly closed but, 
rather, along the more open tracts to the retractor muscles. The 
added innervation, reinforcing that already dominant, causes the 
quick upward reaction movement. Whenever the attention is 
turned away from the preparation for the upward movement, it 
is probable that the innervation of the extensor muscles is again 
increased, for unless there is a continued and positive effort 
towards an upward movement, the sensations of the pressure of 
the key against the finger would doubtless cause a continuous 
innervation of the extensor muscles in reflex response to that 
pressure. In this way the antagonistic movement would also 
occur in motor series, at times of distraction or lowered attention. 

Smith gives also a psychophysical explanation of the antagon- 
istic reaction, which we have outlined on pp. 57-58. Judd, Mc- 
Allister and Steele (3) have criticised this on the ground that “the 
sudden antagonistic movements are facts of nervous mechanism 
rather than facts of conscious expression.” True, the antagonistic 
movement is a fact of nerve mechanism, but it is also a fact of 
conscious expression since, under certain conscious conditions, 
i. €., sensory, it does normally occur while under others, i. e., 
motor, it does not. Smith stated that in the period before the 
stimulus the mental and muscular preparation was chiefly engaged 
in holding down the key, and that often under such conditions the 
antagonistic movement would occur, for the reasons stated above. 
What this investigation has added is the fact that the mental 
and muscular preparation is not always engaged in holding down 
the key, namely, in the motor reactions, and that in such cases 
the antagonistic movement normally does not occur. | 

One other fact seems to be shown by our results, and that is 
that reaction time work which is done with the press reaction will 
be free from the complications due to the antagonistic movement. 

We must not neglect to speak of any evidence on the problem 
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of whether a reaction is a brain reflex or a voluntary activity 
(see, also p. 143). Many records occurring in the sensory series. 
when the reactor’s attention was decidedly wandering or dis- 
tracted, show clearly that the reaction tends to begin without 
coincident voluntary decision. The stimulus causes a reflex 
“start.” In these cases, however, the reaction movement is never 
completed rapidly unless the additional voluntary effort is added. 
When the attention is not brought back by the stimulus, the reac- 
tion completes itself very gradually after the first rapid start. 
When the attention does recur to the stimulus, it is brought back 
by a reflex start and then the much quicker and stronger voluntary 
reaction follows. The evidence for this is that the reactions fol- 
lowing the return of a wandering attention to the stimulus, when 
it occurs, are not gradual, but sharp and quick. 

If, furthermore, the theory presented to account for the 
antagonistic movement is a correct one, many sensory reactions 
would be excluded from the reflex type. The antagonistic move- 
ment itself is a reflex and in cases where this always occurred,— 
that is, in reactors typically sensory,—this preliminary antagon- 
istic movement might give rise automatically to the final upward 
movement, so that the whole reaction would be reflex. In many 
cases, such as the foregoing cases of distraction or lowered atten- 
tion, however, a voluntary upward movement seems necessary in 
addition to the reflex antagonistic movement caused by the 
stimulus. The preliminary “start” in such reactions seems allied 
to those slight partial reactions to the warning signal and to 
those same phenomena in the discrimination reactions in which 
the reactor made an involuntary movement at the wrong stimulus 
but did not complete, the movement. 

In the motor reactions, especially with reactor M., the facts 
appear to show an approach to the reflex. The reactor was often 
surprised that he had reacted and was not always sure that it was 
the stimulus that had set off the movement. In the period before 
the reaction both the character of the movement and the intro- 
spections show that a definite mental and nervous preparation 
had been going on,— a preparation to react as quickly as possible. 
The stimulus was the “last straw,” so, to speak, and the involun- 
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tary movement resulting occurred reflexly in the direction of the 
preparation. But this final reflex involves, as has been already 
emphasized (p. 143), the preparatory psychophysical “set.” This 
agrees with those who claim that the motor reaction is a reflex act 
performed because of a pre-act of will. 

My results show a definite correlation between the three factors, 
form of movement, conscious state, and reaction time. In dis- 
cussing the different reactors we have shown the correlation 
between conscious states and forms of movement. We have 
shown that with each of the two typical forms of attention— 
attention on the stimulus and attention on the movement—there 
went, in the majority of cases, a definite form of reaction move- 
ment, the antagonistic reaction movement accompanying the 
sensory, and the sharp reaction, the motor attention. Our re- 
sults have also shown a definite correlation between conscious 
states and reaction times, agreeing with the results of previous 
reaction time investigations. With the attention on the stimulus 
the times were longer; on the movement, shorter. 

And, lastly the results have shown a correlation between forms 
of movement and reaction times. In the case of reactor M. with 
the attention fixed -strongly on a muscular preparation for a 
quick movement, an upward preliminary movement resulted. 
This is undoubtedly best suited for a quick final reaction. The 
simple sharp reaction is also very favorable to a quick reaction 
time. Reactor H., whose attention was turned towards the com- 
ing stimulus, carried on at the same time an increasing muscular 
preparation in a direction opposite to that of the final movement ; 
this preparation is also well fitted to give a rapid movement, but 
in a direction opposite to that required to complete the reaction. 
Hence, the antagonistic movement resulting from this type cf 
preparation, although itself rapid, increases the total reaction time 
by 25¢ to 300. 

Have we not, in this fact of the preliminary increase in pres- 
sure followed by the antagonistic reaction in the sensory series and 
in the fact of the gradual upward curve followed by the sharp 
reaction of reactor M. and its explanation, come very close to 
explaining the difference in time between sensory and motor 
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reactions? In speaking of the relation of the reaction movement 
to the reaction time, we do not refer, of course, to different forms 
of movement as influencing the time with no relation to conscious- 
ness; for time, form of movement, and conscious process all 
vary, in great degree, together. | 

One question in regard to the sensory and motor reactions we 
have not considered. Has this investigation shown why some 
reactors should give motor times nearly as long as, or even 
longer than, sensory? In the case of reactor H. the motor times 
were only 30 shorter than the sensory times. But H. inter- 
preted the instructions “to think of the movement” as meahing a 
concentration of the attention on the finger in an effort to hold 
it down. This fact caused, therefore, more marked antagonistic 
reactions in the motor than in the sensory series. Such a tendency 
may appear in the case of many reactors of the sensory type, and 
would account for a part of the longer times in their so-called 
motor reactions. The rest might be adequately accounted for by 
the distraction caused by the unusual direction of the attention. 

This investigation has shown very clearly that there are indi- 
vidual types of reactors. Reactor M. adopted the motor attitude 
from the first. He liked the spring key because it allowed him to 
prepare for the final movement by raising the hand before the 
stimulus. He did not like the electric key, since this natural 
tendency to prepare for the final reaction movement could not be 
carried out without breaking the circuit. This fact changed his 
whole attitude, causing him to think of holding his finger down 
on the key, and inhibited the natural tendencies, increasing the 
reaction time nearly 50s. 

Reactor H., on the other hand, adopted the sensory form of 
attention from the first. He did not like either the spring key or 
the tambour, because they did not furnish a firm foundation from. 
which to start. Why a firm foundation was needed H. could not 
tell. The reason was without doubt connected with the necessity 
of checking an antagonistic movement, already begun, in order 
to begin the upward movement. H., in contrast to M., liked the 
electric key because of the feeling of security that it gave. H. 
believed himself to be executing much faster reactions on this 
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key, while in reality his reaction times were increased by nearly 
300. The mean variations were decreased by one. The reason 
for this increase in time is not clear. It may have been connected 
with the fact, which H. recorded in his introspections, that this 
key required more pressure, or it may be that this form of key, in 
interfering with the extent of the possible antagonistic move- 
ment increased the time in some way. If this latter suggestion 
were true, then the error due to the antagonistic movement would 
be greater in the electric form of key than in a key which allowed 
for the natural movement, increasing, thus, the total reaction 
time. Reactor M. stated in one introspection that the electric 
key required more pressure and that more time was taken in over- 
coming this pressure. Such a statement may throw some light on 
the problem. 

Of the other reactors, E. and W. were distinctly motor in type. 
As we have showa, the reactor’s type is revealed by his attitude 
during the experiment, which influences both the form of move- 
ment and the time of reaction. With E. these all changed, 
showing that sometimes a type develops, even without instruc- 
tions. The conditions at first may be so new and strange that 
the characteristic type is concealed. As adaptation to these sets 
in, the natural type emerges—in E.’s case, the motor type. 

It would be interesting to follow the changes in the form of 
movement, in correlation with the attitude and the times, which 
accompany extended practice in both kinds of reactions. If it is 
true that the types first separate and then approach each other, 
what part does the form of movement play in this process? 

Though quite definite individual characteristics appear in the 
pressure curves of the different types of reactions, this investiga- 
tion has shown that the forms of movement are more closely 
connected with general attitudes and types of attention than 
with individual characteristics. In their earlier work Judd, 
McAllister and Steele found it possible to change the character 
of the movement at once by changing the character of the task 
required. This we also found to be true, not only with a change 
in apparatus, but when only a change in attention was involved; 


good examples of this may be found in the reactions of J. 
(Table XIV). 
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We likewise found, as in the earlier work, that different forms 
of movement suddenly made their appearance and are scattered 
through the series at random. We have been able to connect 
these with variations in attention. This being the case, it is 
manifestly in order to take graphic records of all reactions before 
anything of importance can be inferred from the times them- 
selves; and as we have shown, even if the introspective evidence 
is perfectly clear and valid, many radical changes in movement 
go entirely unnoticed by the reactor. This is specially true in 
the sensory reactions where the attention is turned away from 
the movement. 

Our results give little help to the experimenter who asks for 
some easy way of determining the type of attention or the form 
of the movement by a study of the mere reaction times. The 
mere fact that a reaction time is longer than the average does 
nct prove that it is caused by an antagonistic movement; neither 
does the fact that it is shorter show the absence of an antagonistic 
movement. 

Such results as ours’ show, finally, very clearly the need of 
subjects carefully trained in introspection with which to supple- 
ment the graphic records. If it is answered that psychology is as 
much interested in the untrained and unpracticed subject as in 
the trained subject, we agree, but in order definitely to settle this 
question of the correlation of forms of movement with conscious 
attitudes or with types of reactors, will it not be necessary first 
to use trained subjects, so that we can be sure that the form of 
movement studied really did occur under the conditions imposed ? 
Such a preliminary study would make much easier the study of the 
untrained subject. 3 

Future work should be, therefore, first, along the line of per- 
fecting apparatus; and secondly, experimentation with subjects 
thoroughly trained in introspection and possessing definite 
characteristics. 
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